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SECTION 1 



INTRODUCTION 



M SCOPE 

1.2. This manual covers installation, 
operation, and maintenance information 
for the Dana Model 5524 Digital Volt- 
meter (Figure 1.1). The manual is in- 
tended for use by personnel responsible 
for operation and/or maintenance of the 
equipment. The information includes 
the physical description, a detailed 
description of the principles of opera- 
tion, and maintenance and troubleshoot- 
ing guides . 

1.3 PURPOSE OF EQUIPMENT 

1.4. The Model 552 4 Digital Voltmeter 
is a multiple-function instrument capa- 
ble of measuring dc voltage (filtered or 



unfiltered) , dc/dc ratios, dc voltage in 
millivolts, resistance in kilohms and 
ac voltage. The output is displayed on 
a five digit visual readout with a sixth 
"overrange" digit that extends each 
range by 10% (99999 to 109999). An 
optional Remote Program Accessory 
enables the function, range, and read 
commands to be made externally. In 
addition, an optional Electrical Output 
Accessoryprovides an isolated binary- 
coded decimal (BCD) output for driving 
a printer or other recording device. A 
sealed case enables the Instrument to 
withstand severe environmental condi- 
tions (see "Specifications", 1.13). 

1.5. Automatic ranging (Auto Range), 
circuits within the instrument deter- 
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(a) Operating Controls and Circuit Board Locations 




(b) Rear Panel Connectors 



Figure 1.2. Connectors and Operating Controls 



mine the optimum range for the function 
being measured and switch to that 
range automatically. Automatic polar- 
ity detecting circuits (Auto Polarity) 
determine the polarity of the input 
signal and display or prints this in- 
formation with the output. 

1.6 MECHANICAL DESCRIPTION 

1.7. All circuits, except the power 
supply, are mounted on plug-in printed 
circuit boards . The boards are installed 
in the chassis which slides into the 
sealed case on rollers . All input/output 
connections are made through sealed 
glass connectors mounted on the sealed 
case . 

1.8. All operating controls are mounted 
on the front panel of the instrument. 
Input connectors , wired in parallel, are 
mounted on both the front (JlOl) and 
rear (J204) panels . They carry the input 
signal, and the reference input used 
for ratio measurements. On the rear 
panel are the power connector (J203), 
the remote program connector (J201), 
and the digital output connector (J2 02). 
Within the instrument are connectors 
J1 through J22 into which the circuit 
boards are installed. Figure 1-2 shows 
the operating controls and the loca- 
tions of each connector. 

1.9 ELECTRICAL DESCRIPTION (Block 
diagram: Figure 1,3) 

1.10. The instrument uses the null 
balance technique to measure the 
amplitude of unknown voltages. The 
circuit boards in connectors J12 through 
J22 (signal conditioning circuitry) de- 
velop a ten-volt full scale (plus over- 
range) analog voltage of the input which 
may be either an ac, dc, or ohms mea- 
surement. A current, proportional to 
this voltage, is balanced against a 



precise current developed from an in- 
ternal reference voltage in the digitiz- 
ing and display circuits (Jl-Jll). The 
"balancing" of these currents is done 
by a series of trial-and-error-currents 
developed from the known reference 
voltage and compared with the current 
from the signal conditioner. Precision 
resistors in the Digital to Analog Con- 
verter (DAC)divide the reference current 
into 100,000 equally-spaced current 
increments. The closest increment is 
determined in a maximum of 45 trials. 
When a null balance has been achieved , 
the digital setting of the DAC is dis- 
played on the visual readout. The 
number shown is the ratio of the input 
signal to the reference voltage in parts 
per 100,000. 

1.11. For example, if the controls are 
set to measure ac volts on the 100-volt 
range, a 50-volt input (rms) results in 
an internal analog voltage of 5 volts dc 
from the signal conditioning circuits. 
This is converted to a current which is 
balanced by an equal current derived 
from the internal reference voltage when 
the DAC arrives at a value of 50,000 
(parts per 100, 000) . The digital display 
now carries the numerals 5-0-0-0-0, 
and range information from the signal 
conditioning circuits place the decimal 
point to read 50.000. 



1.12. In the ratio measuring mode, the 
internal 20-volt reference is replaced 
by an external dc voltage, which may 
vary from +2 to + 10.5V (ratio input of 
+20 to 105V optional) . The displayed 
value is the ratio between a dc input 
signal and the reference voltage at that 
instant , The ratio between +dc voltages 
and the reference are shown as plus (+) 
ratios; the ratio between -dc voltage 
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Table 1,1. Connector Identification 



Connector 


Function 


11 


Circuit Board, Display 


J2 


Circuit Board, 10,000 
Decade 


J3 


Circuit Board, 1,000 
Decade 


J4 


Circuit Board, lOODecade 


J5 


Circuit Board, 10 Decade 


J6 


Circuit Board, 1 Decade 


J7 


Circuit Board, DAC 


J8 


Circuit Board, Null 
Detector 


J9 


Circuit Board, Sequence 
Logic 


JIO 


Circuit Board, Control 
Logic 


Jll 

J12 


Circuit Board, Reference 
and Buffer Amplifier 


J13 

J14 

J15 


Assembly, Control and 


Attenuator 


J16 


Circuit Board, Isolator 


J17 


Circuit Board, Range 
Control 


J18 


Circuit Board, AC 


119 


Converter 


J20 


Circuit Board, Auto 
Polarity 


J21 


Circuit Board, Ohms 


J22 


Converter 


JlOl 


Signal Input/Reference 
Input 


1201 


Remote Programming Input 
(rear, optional) 


J202 


Digital Output (rear, 
optional) 


J203 


Power (rear) 


J204 


Signal Input/Reference 
Input 



and the reference as minus (-) ratios . 
This bipolar ratio capability (+/+ and 
-/+) is of particular value in applica- 
tions, such as bridge balancing, where 
inputs are likely to pass through zero. 
Since the signal and reference voltages 
are being detected simultaneously, the 
accuracy of the ratio measurement is 
independent of the stability of the 
voltage source. 

1.13 SPECIFICATIONS 

1 . 14 ENVIRONMENTAL SPECIFICA- 
TIONS 

(a) Temperature - Continuous oper- 
ation from-40OC to 55'^C. Stor- 
age temperature is from -620C 
to +85°C. Intermittent opera- 
tion is possible at +71°C. 

(b) Humidity - 100% with conden- 
sation in the way of frost or liquid 
water on the equipment. Equip- 
ment to withstand this humidity 
during operation , and exposure 
in a non-operating condition. 

(c) Shock - Will withstand 18 impact 
shocks of 15 g, consisting of 
three shocks in opposite direc- 
tions along each of three perpen- 
dicular axes, each shock impulse 
having a time duration of 11 + 1 
milliseconds. The g value with- 
in + 10% when measured with a 
0.2 to 250 Hz filter, and the 
maximum g occurring at approxi- 
mately 5-1/2 milliseconds. 

(d) Vibration - Will withstand con- 
tinuous vibration along each of 
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the three mutually perpendicular 
axes within the following fre- 
quency ranges and amplitudes: 



Frequency 


Double Amplitude 


5 - 15 Hz 
15 - 25 Hz 
25 - 55 Hz 


0 .06 inch 
0.04 inch 
0.02 inch 



(f) Sand and Dust - As encountered 
in desert areas shall not damage 
equipment. 

fo) Fungus - Fungus-supporting at- 
mosphere shall not affect or 
damage equipment. 

(h) Salt-Sea Atmosphere - Shall not 
damage equipment. 

(i) Explosive Conditions - Equipment 
shall not cause ignition of ex- 
plosives; gaseous atmosphere. 



(e) Interference - Interference con- 
trol is in accordance with MIL-I- 
6181. 



1 . 15 ELECTRICAL SPECIFICATIONS 

1,16. Electrical Specifications aro 
tabulated in table 1.2. 




<t>) DIGITIZING t DISPLAY 



Figure 1.3. Model 5524 Block Diagram 
























Table 1.2, Electrical Specifications 
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RBIF.fi SSZI DtfM SPEClPtCAIIOMS 



DC VOUftGE MEASUREMENTS 



Full teals rsngat 



Accuracy 

Short tsrm, 24 hours ,23+1 C 
Long tsem stability, S months 
Temperatura coaiiiclent 
Rssponsa time; Olgitlzlng 

Digitizing with polarity change 
Range change 

rtjll scale step function settling time ItO 0.01%) 
Comrhen mode rejection: DC 

AC, 61 Hz end below 



Normal mode nolaa rejection 



Input resistance - at or off null: 10 range 

other renget 



+10.9999, il09.999, +1099.99 V (max 1000 V) 

+0.00S% of reading +0 , 001% of I. a. 

^0.001% of reading per month 

+ 0.0005% of reading +0.0002% of f.a. par °C 

IS miUiseeenda 

2S milliseconds 

250 milliseconds per range 

SOO millieeconds with up to lOOh-ohin source 

140 d6 with up to 100 ohms in either lead 

120 dB with up to 100 ohms In either lead 

EOdBmin, SOHs and up; inaeasing 18dB/ociave: 

SO dB min) 300Hz and above 

10,000 megohms 

10 megohms 



DC RATIO VOLTAGE MEASUREMENTS 

Full scale ranges 

Accuracy 

Shortterm. 24 hours, 23+1 C 
Long tern atabillty, 6 months 
Temperature coefficient 
Response time: Digitizing 

Digitizing with polarity change 
Range change 

Full scale Step function settling time (to 0.01%) 
Common mode ratactlon: DC 

AC, 61 Hz and below 



Noratal mode noise rejection 

(nput resistance - at or off null; 10 range 

other ranges 



+1.09999:1, +10.9999:1, +109.999:1 

*0.004% of reeding +0.001 (10 V/re0% of f -s . 

+0.0003% of reading per month 

+0.0005% of reading +0.0002% of f.s. per ®C 

IS mllUseoonds 

25 mllUsaconds 

250 milliseconds per range 

300 milliseconds with up to lOOk-ohm source 

140 dB with up to 100 ohms In either lead 

120 dB with up to lOO ohms In either lead 

Same as absolute (input only] 

Signal, 10, 000 megohms; ref, 20 megohms 
Signal, 10 megohms; ref, 20 megohms 



DC VOLTAGE MEASUREMENTS. FAST 

Full scale ranges 

Accuracy 

Shortterm, 24 hours, 23 + 1 C 

Long term stability, 6 months 

Temperature coefficient 
Response time: Digitizing 

Digitizing with polarity change 
Range change 

Full scale step function settling time (to 0.01%) 
Common mode rejection: DC 

AC. 61 Hz and below 

Input resistance - at or oft null: 10 V range 
other ranges 



+ 10.9999, +109.399, +1099.9 V (max 1000 V) 

0.005% Of reading +0.001% of f.s. 

^0.001% of reading per month 

+0.0005* of reading *0.0002% of f.s. per C 

13 milliseconds 

2S milliseconds 

2S0 milliseconds per range 

SO milliseconds with up to lOOk-oha source 

140 dB with up to lOO ohms in either lead 

94 dB with up to 100 ohms in either lead 

10, OOD megohma 

10 megohms 



MIIXIVOLT MEASUREMENTS 
Full scale ranges 
Accuracy, 3 months: lOOmV range 
lOOOmV range 
Temperature coefficient 



Response lime (to 0.01%); Step response 
Range change 

Common mode rejection: DC 

AC, 61 Hz and below 



Input resistance 



AC MEASUREMENTS 
Maximum voltage rating 



Full scale ranges 

Accuracy, 3 months 



Temperature coefficient 
Response lime; Step response 

With range change 

Common mode rejection: AC, 61 Hz and below 

Inpul resistance (all tangaa) 

Shunt capacitance at terminals 



+ 109.999, +1099.00 millivolts 
+0.01% of reading +0.02* of f.s. 

+0.01* of reading +0.005% Of f.S. 
+0.001% of reading +2 microvolts per ®C 
I second 
2S0 milliseconds 

140 dB with up to IQO Ohms in either lead 
120 dB with up to 100 ohms In either lead 
100 megohms minimum 



500 V rms , SO Hz to 10 kHz, decreasing to 
150 V at SO kHz and above 
10.9999, 109.999, 1099.99 Vmi8 
30 Hz to 10 kHz: +0.09% of rdg +0.01% f.s. 
10 kHz to 50 kHz:”D.2% of rdg ”0.05% f.s. 
50 kHz to 100 kHz:~+0.9% Of rdg +0. 1% f.s. 
^0 .01% of reading and ^0.0002% f. s . par 
300 mllllseconde (to 0.1%) 

250 miJIlseconds per range 
94 dB with up to 100 ohms In either lead 
I megohm in Series with 0.22 microfarad 
less than 200 pF. all ranges 



OHMS MtASuaiMENTS 
Maximum voltage across unknown 
Full scale ranges 
Accuracy, 3 months 

1, 10, 100 kllohm ranges 
1000 kllohm range 

10,000 kllohm range 



Temperature coefficient 

1, 10, 100 kllohm ranges 

1000 kllohm range 
10,000 kllohm range 
Response lime 

Step response 
With Range change 



10 V at f .a. , max current 10 mA on 1 kllohm range 
1.39999, 10.9999, 109.999, 1099.99, 10999.9 kllohms 

+0.01% of reading and +0.001 % f.s. 

+0.03% of reading and +0.001% f.s. 

^0.1* of reading and ^0.001% f.s. 

^0.002% of reading end ^0.0002% f.s . 

+0.0035% of reading and +0.0002% f.s. 

+0.005% of reading and +0.0002% f.a . 

750 msec 
750 msec/range 



Operating temperature range 



Maximum power requirement 



Maximum common mode voltage 
Dimensions 

Guarantee 



-40° to +5S°C (internal temp, remains above +1S°C1 
50 watts. 105 to 125 V (export 210 to 250 V). 

50 to 70 Hz (400 Hz specie!) 

250 volts 

Standard 19-lnch rack width: S-1/4" high 
12 months, faulty workmanship or componanl failure 




SECTION 2 



INSTALLATION & OPERATION 



2.1 UNPACKING & INSPECTION 

2,2. The Model 5524 Digital Voltmeter 
is crated in a plastic foam container 
consisting of two half-forms joined to- 
gether and securely taped. The forms 
are contoured so as to hold the digital 
voltmeter firmly in place with the con- 
tainerabsorbing any reasonable extern- 
al shock. Before uncrating, examine 
the container for any sign of external 
damage. Then perform the following 
steps . 

(a) Carefully cut the tape holding 
the two half-forms together and 
remove the digital voltmeter. 
Inspect the digital voltmeter for 
signs of damage. If damage is 
found, notify the carrier imme- 
diately. 

(b) Remove the chassis from the 
sealed case by removing the eight 
screws on the front panel and 
pulling gently but firmly toward 
the front of the instrument. (It is 
not necessary to remove the 
chassis completely from the case. 
Slide it out far enough to expose 
the boards.) See that all boards 
are firmly seated in the connec- 
tors. Replace dessicant (see 2 . 9) . 

(c) Replace chassis and secure by 
tightening the eight panel screws . 

2.3 POWER CONNECTION 

2.4. An eight-foot, three-wire, coiled 
power cable is supplied with the instru- 
ment. This cord connects to a three- 
pin power connector (J203) at the rear 
of the unit. 



2.5 INPUT CONNECTOR 

2.6. JlOl on the front panel is wired 
in parallel withJ204 on the rear panel. 
These connectors are supplied with 
mating connectors only. No cables are 
supplied. Pin assignments of the input 
connector are listed below. 



Table 2.1. Pin Assignments - 
Input Connectors 



FUNCTION 


PIN 


+ Signal 


N 


- Signal 


P 


+ Ohms 


R 


- Ohms 


S 


Ref. Input (ratios) 


T 


Guard 


Pins A thru M 



2.7 REMOTE PROGRAM/DIGITAL OUT- 
PUT CONNECTORS 

2.8. For pin assignments and other 
information necessary for installation 
and operation of the optional Electrical 
Output and Remote Programming acces- 
sories, see Section 3. 

2.9 DESSICANT 

2.10. The dessicant consists of a 
moisture adsorption packet and a hu- 
midity indicator placed within the 
sealed case of the instrument. The 
packet should be replaced each time the 
sealed case is opened. 

2.11. The packet is supplied in a 
heat-sealed outer bag. The sealed 



2-1 





outer bag must not be punctured or 
opened until ready for use. When the 
outer bag is opened, the dot on the 
humidity Indicator should be blue. If 
not blue, the adsorption packet is 
defective and another should be used. 
Once the sealed bag is opened, the 
adsorption packet must be installed 
and the Instrument sealed within five 
minutes . 

2.12. Additional adsorption packets 
may be obtained from: 

Coast Engineering Laboratory 
3755 Inglewood Avenue 
Redondo Beach, California 

Order by part number DEEC-1. 

2.13 INITIAL CHECKOUT PROCEDURES 

2.14. The following procedure is per- 
formed to verify that no damage has 
occurred during shipment and that the 
instrument is operative. Slight devi- 
ations in readings during the following 
tests may be corrected by making sim- 
ple adjustments. For instructions refer 
to Section 5, "Calibration". Any major 
discrepancies should be reported to 
the carrier and to Dana Laboratories 
immediately. 

2.15. Prior to performing the checkout 
procedure, it may be advisable to refer 
to the operating instructions beginning 
at 2.25. 

2.16 ZERO CHECK 

(a) Set FUNCTION control to MV and 
RANGE to 100. 

(b) Short input leads. Visual read- 
out should display 000.00. 



(c) If necessary, adjust MV ZERO 
on front panel to obtain this 
reading. 

2.17 POLARITY GAIN CHECK 

(a) Set FUNCTION control to DC and 
RANGE to 10. 

(b) Apply a known voltage of approxi- 
mately -10 volts to the input. 
Visual readout should display 
value of input voltage (within 
specified tolerance and proper 
polarity. 

2.18 RANGE CHECK 

(a) Set RANGE to 100. 

(b) Connect input to a source of +100 
DC, 

(c) Visual readout should display 
input value and proper polarity. 

(d) Vary input voltage and polarity 
and check for proper readout 
(within specified tolerance) . 

(e) Repeat on 1000 volt range. 

(f) Repeat the above steps with 
range on mV and using lOOmV and 
lOOOmV inputs . 

2.19 AC CHECK 

(a) Connect signal generator to 
input. Set FUNCTION switch to 
AC. 

(b) Set generator to 50Hz and check 
for proper readout at the follow- 
ing input voltages: 9 volts, 90.0 
volts, and 125 volts. 
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2.20 OHMS CHECK 

(a) Measure standard resistors of 
values near full scale for each 
range . 

(b) Check for proper readout (within 
specified tolerance) and ohms 
indication . 

2.21 FUSES 

2.22. On the rear panel are three 
fuses: F201, the power fuse; F202, 

the fan fuse; and F203, heater fuse 
(the 400 watt heater is operated by a 
thermostat within the instrument) . Each 
fuse is wired to an indicator on the 
front panel that illuminates when the 
corresponding fuse is blown. The fuses 
are identified in table 2.2. 

2.23 EXTERNAL CONNECTOR IDENTIFI- 
CATION 

2.24. All external connectors are iden- 
tified in table 2.3. 



Table 2.2. Fuse Identification 



Fuse 


Function 


Type 


F201 


Power 


F02B 250V 1 Amp 


F202 


Fan 


F02B 250V 1 Amp 


F203 


Heater 


F02B 250V 5A 



2.25 CONTROLS (See Figure 2 . 1) 

2.26 POWER SWITCH 

2.27. This is a two-position switch 
that applies power to the instrument. 
When Power is ON, the DVM display 
is always lit. 

2.28 READ/HOLD SWITCH 

2.29. This is a two-position switch 
that allows the operator a choice of a 
READ mode, in which new readings are 
commanded at a fixed rate of four per 
second, ora HOLD mode, which freezes 



Table 2.3, External Connector Identification 



Connector 


Dana P/N 


Mfr. 


P/N 


Signal Input JlOl 
Mating Connector 


600359 

600352 


Glass Seal 
Cannon 


BE1H14-19P (Var B) 
KSP06F14-19S 


Remote Program 1201 
Mating Connector 


600357 

600353 


Glass Seal 
Cannon 


BE7H16-26P 

KSP06F16-26S 


Digital Output J202 
Mating Connector 


600356 

600355 


Glass Seal 
Cannon 


BE7H22-55P 

KSP06F22-55S 


Power J203 
Mating Connector 


600360 

600354 


Glass Seal 
Cannon 


BE7H12-3P 

KSP06F12-3S 


Signal Input J204 
Mating Connector 


600358 

600352 


Glass Seal 
Cannon 

1 


BE7H14-19P (Var A) 
KSP06F14-19S 
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RANGE 



FUNCTION 







10 
100 
1000 
10000 
AUTO 
REMOTE 



REMOTE 



OPAST DC 




OKJh 




mV ZERO 




SIGNAL INPUT 
JIOI 




Figure 2.1. Control Panel 



the last previous reading indefinitely. 
HOLD is released by turning the switch 
back to the READ position. 

2.30 FUNCTION SWITCH 

2.31. The FUNCTION switch is a 
seven-position switch having the fol- 
lowing positions: 

(a) REMOTE. In REMOTE , the selec- 
tion of the function to be meas- 
ured is made externally through 
the Remote Program input con- 
nector. 

(b) FAST DC . This position selects 
high-speed, non-filtered DC 
measurements from lOOuvto 1000 
volts (plus overrange). 

(c) DC. DC selects medium-speed 
dc measurements from lOOuv to 
1000 volts. An input filter is 



installed in the circuit in this 
position. 

(d) IPX RATIO . This position selects 
the measurement of the ratio of 
the DC input voltage to a +DC 
reference voltage (+2 to +11 V.) 
both applied at the input con- 
nector. 

(e) AC . This position selects the 
measurement of AC voltages from 
lOOuvto 1000 V (rms) at 50Hz to 
lOOkHz. 

(f) MV . This position selects the 
measurement of low-level DC 
voltages from 1 microvolt to 
1000 millivolts (plus overrange). 

(g) K-OHM . This position selects 
the measurement of resistance 
from 0.1 ohm to 10 megohms. 

2.32 RANGE SWITCH 

2,33. The RANGE switch has five fixed 
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range positions , an AUTO position and 
REMOTE. 

(a) Fixed Ranges . The five fixed 
ranges are 1, 10, 100, 1000, and 
10, 000. Inscriptions on the panel 
define the ranges which can be 
used with particular functions . 
AC, DC, and FAST DC measure- 
ments can be taken on the 10, 
100, and 1000 volt ranges . Milli- 
volts can be measured on the 100 
and 1000 ranges. Resistance can 
be measured on all five ranges . 
If a range is selected that is 
invalid for the function being 
measured, the instrument ad- 
vances to the 1000 range whether 
or not there is an input. For ex- 
ample, if 10000 range is selected 
in MV function, the range ad- 
vances to 1000. When this hap- 
pens, the decimal point on the 
readout is blank indicating in- 
correct data. 



.in the READ mode. It is therefore 
normally most convenient to leave the 
READ/HOLD control on the READ posi- 
tion, using the HOLD position only for 
special applications, such as remote 
command operation. When switching 
from one type of measurement to another 
by turning the FUNCTION control, it is 
generally advisable to keep the RANGE 
switch on AUTO so as to avoid over- 
loading the Input circuitry. 



CAUTION 

Voltage exceeding 2 50 volts must 
not be applied between chassis 
ground and guard (input connector, 
pins A through M) or between guard 
and the low input terminal (pin P) . 
Avoid introducing more than 500 
volts into the instrument while the 
FUNCTION switch is onAC or more 
than 30 volts while the FUNCTION 
switch is on MV. 



(b) AUTO (Automatic) . In this posi- 
tion, range is automatically se- 
lected for all functions by 
internal circuits . 

(c) REMOTE . In this position, the 
selection of range is made ex- 
ternally through the Remote Pro- 
gram input. 

2.34 MANUAL OPERATION 

2.35, Once the instrument has been 
connected to the power line and to the 
signal source in accordance with the 
instructions in 2.3 through 2.12, the 
operator can make all the required 
measurements by setting the front panel 
manual controls to the indicated posi- 
tions. Remote program operation is 
covered in Section 3. The voltmeter 
displays the four-per-second readings 



2.36 DC MEASUREMENTS, FAST, NOR- 
MAL, AND MILLIVOLT 

2.37. (Pin assignments of the signal 
input connector are repeated in figure 
2.2). Attach the high side of the signal 
source to pin N of the input connector 
(JlOl or J204); and the low side to pin 
P. The guard is connected to the low 
side of the measurement point. 



J101 



N 

o- 

P 

o- 



OR J204 
bhg-IGNAL 



R 

o- 

s 

o- 

T 

o- 



IN 



-SIGNAL IN 



^OHMS CURRENT SOURCE 



•OHMS CURRENT SOURCE 



REFERENCE INPUT 



PINS A THROUGH M CONNECTED 
TO GUARD 

Figure 2.2. Input Connector 
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Table 2.4. Four-Wire Operational Ohmmeter 



R 

X 




l^ad resistances r 2 and r 3 have no effect since there is no current flow through 
them. Resistance r^ is eliminated by being placed within the feedback loop. 
This is accomplished by proper placement of the voltage sensing lead (r 3 ) . 

Resistanceri affects the full scale current. Therefore, it causes a "percent 
of reading" error equal to: 

p V 1 00 

1 % where R = Standard Resistor 

— — 

s 

For example, if r^ is 1 ohm and the standard resistor is 2K, the % of 
reading error is 0.05%. 

It is important to note that r^ has no effect at zero resistance and does 
not cause a % of full-scale error. For example, using the two-wire 
method, a lead resistance of 1 ohm creates an error of 1% when measuring 
100 ohms (R ) . 

If lead resistance is changed, a full scale adjustment must be made to 
maintain full accuracy. 





2.38 AC MEASUREMENTS 

2.39. Attach the high side of the 
signal source to pin N, the low side 
to pin P. Connect guard to low side of 
measurement point. 





N 




— 


P 

. . 


REFERENCE 

VOLTAGE 


Tiipuf 

VOLTAGE 


w' 

Lj 


— 3. 


J101 

(a) Three-Wi 


LJ 

OR J204 

re Ratio Measurements 

jH 


X. 


-X- 


RtrtKLNUt 

VOLtAGE 

^ 


INPUT 

VOLTAGE 


T 

O— 





differential 

AMPL. 



(bj Four-Wire Ratio Measurements 
Figure 2,3. Ratio Measurements 

2.40 RATIO MEASUREMENTS 

2.41. Attach the s ignal input as for the 
DC instructions. Attach the +DC refer- 
ence voltage with the positive side to 
pin T and the negative side to pin P. 
The instrument by itself makes three- 
wire ratio measurements since the signal 
and reference voltage have a joint com- 
mon (see figure 2.3). For four -wire 
ratio measurements , an external differ- 
ential amplifier(such as the Dana Model 
2820) mustbeused. The amplifier can 
be placed in either the signal or refer- 
ence input, depending on application. 




2 . 42 OHMS MEASUREMENTS 

2.43. For two-wire ohms measure- 
ments, jumper pin R to pin N and pinS 
to pin P, The unknown resistance may 
be connected across either set of ter- 
minals . 

2.44. For four-wire ohms measure- 
ments, separate sets of leads are con- 
nected tothenon-jumpered signal input 
and ohmmeter-current source terminals. 
These leads are connected to the un- 
known resistance in the manner shown 
in figure 2.4. 

2.45. The four-wire configuration 
minimizes the effect of lead resis- 
tance. However, when this method of 
measurement is used, the full scale 
reading must be re-adjusted (by recali- 
bration of the Ohms Converter with the 
cables to be used for measurement). 
No zero adjustment is required. See 
Table 2,4 for analysis of lead resis- 
tance . 
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wire ratio measurements since the signal 
and reference voltage have a joint com- 
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2 . 42 OHMS MEASUREMENTS 

2.43. For two-wire ohms measure- 
ments, jumper pin R to pin N and pinS 
to pin P, The unknown resistance may 
be connected across either set of ter- 
minals . 

2.44. For four-wire ohms measure- 
ments, separate sets of leads are con- 
nected tothenon-jumpered signal input 
and ohmmeter-current source terminals. 
These leads are connected to the un- 
known resistance in the manner shown 
in figure 2.4. 

2.45. The four-wire configuration 
minimizes the effect of lead resis- 
tance. However, when this method of 
measurement is used, the full scale 
reading must be re-adjusted (by recali- 
bration of the Ohms Converter with the 
cables to be used for measurement). 
No zero adjustment is required. See 
Table 2,4 for analysis of lead resis- 
tance . 
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3.44. MV/DC RATIOS 

3.45. The programming accessory 
enables the measurement of +MV/+DC 
and MV/DC ratios not possible with 
manual operation. 

(a) Select desired range by applying 
a closure to c o m m o n at the 
appropriate pin. Select ratio by 
applying common at pin G . 

(b) Select the numerator of the ratio 
(MV) by a common to pin D. 



Wait 25 milliseconds and apply 
the input signal. No delay is 
necessary in application of the 
reference input. Apply a com- 
mon to pin M, the Delayed 
Command — or provide a delay 
for settling time of the function 
and apply a common to the Di- 
rect Command input, pin P. 



3.46. The instrument will now meas- 
ure the ratio and display or print a 
number equal to ten times the ratio. 
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SECTION 3 



DIGITAL OUTPUT AND REMOTE PROGRAM ACCESSORIES 



3.1 INTRODUCTION AND OPTIONS 

3.2. The isolated accessories avail- 
able for use with the Dana Model 5524 
Digital Voltmeter allow operation with 
non-isolated equipment with no loss 
in the common-mode characteristics 
of the voltmeter. This is achieved by 
the use of guarded reed relays between 
the instrument and all external input/ 
output lines. The basic accessories 
and their identifying model numbers 
are listed below: 

Isolated Electrical Output Model 7 6 

Isolated Remote Program Model 77 

Isolated Electrical Output/Isolated 
Remote Program Model 78 

3.3. The isolated output can be 
adapted to the format requirements of 
a wide variety of printers and other 
digital output devices by use of a diode 
matrix which converts the internal 
digital voltmeter code to the desired 
BCD output. The more commonly used 
codes (1-2-4-8 and l-2-2-4)have been 
standardized and a s s Ig ne d option 
numbers. Other BCD codes can be 
provided on special order. 

3.4. Output voltage levels are pro- 
duced by a switch closure to an ex- 
ternally supplied reference voltage. 
The user can, therefore, obtain the 
desired voltage levels by specifying 
either a switch-closure for a "false" 
bit or a switch-closure for a "true" bit. 
An open switch, of course, represents 



the complementary state. With con- 
tact-closure "true" specified, negative 
true outputs are obtainedwhen a posi- 
tive reference voltage is supplied; 
positive true outputs are obtained when 
a negative reference is supplied. With 
a contact-closure "false", the output 
sense is reversed. 

3.5. The options described above are 
designated by a suffix to the basic 
accessory model number: 

1-2-4-8 with switch-closure "true" 
is designated as Dl. 

1-2-4-8 with switch-closure "false" 
is designated as D2 . 

1-2-2-4 with switch-closure "true" 
is designated as El. 

1-2 -2 -4 with switch-closure "false" 
is designated as E2 . 

3.6. For example, a Model 552 4 DVM 
having basic accessory Model 75 with 
1-2 -4-8 code, switch-closure "true" 
is identified as 5524-78-Dl. 

3.7. Physically, each basic accessory 
consists of a printed circuit "mother- 
board" containing nine connectors into 
which additional printed circuit boards 
are placed. The nine connectors are 
designatedas J211 through J219. Four 
types of boards are used; the quantity 
of each is determined by the basic 
accessory model. The complement of 
each type board in each basic acces- 
sory is shown in table 3.1. Separate 
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Table 3.1. Board Types 



Basic Accessory 


Isolated Output Boards 


Isolated 

Programming 

Boards 


Range & 
Funct . 
Code 
Board 


Corn'd 

Logic 

Board 


Delay 

Board 




J211 


J212 


J213 


1214 


J215 


J216 


J217 


1218 


J219 


J220 


Model 76 


X 


X 


B 


X 


X 




X 


X 


X 




Model 77 






B 




X 


X 


X 




X 


X 


Model 78 


X 


X 


B 


X 


X 


X 


X 


X 


X 


X 



sets of diode matrices are installed in 
the decade boards and in the output 
accessory to obtain the proper BCD out- 
put for the specified option. 

3.8. The digital outputs of each 
accessory are delivered through con- 
nector J202: program inputs are made 
through 1201. The c o nn e c t or s are 
mounted on the rear panel of the DVM 
(see Figure 3.1). Specific pin assign- 
ments of the connectors are listed on 
the pin assignments charts, Table 3.3 
(page 3-6) and Table 3.6 (page 3-10) . 




3.9 ISOLATED OUTPUT BOARD (J211 
through J215) 

3.10. The Isolated Output circuit 
boards are used in basic accessories 
76and 78 only, since Model 77 does 
not deliver an electrical output. The 
boards contain guarded reed relays that 
provide isolation between the digital 
voltmeter circuits and the output de- 
vice . They also contain diode matrices 
to convert polarity and overrange infor- 
mation into the desired BCD output for- 
mat. The configuration of a typical 
output bit (XI) is shown in Figure 3.2. 

3.11. When the XI input from the DVM 
digitizing circuits is at digital common, 
relayKlis energized. This places the 
XI output at common. When K1 is not 
energized, the voltage at the XI output 
is dependent on the external supply 
voltage. Relay K1 is energized on 
either the "true" or "false" DVM out- 
puts depending on the option selected 
and determined by the diode matrix in 
the Decades of the digital voltmeter. 

3.12 ISOLATED PROGRAMMING BOARD 

Q216 - J217) 

3.13. The configuration of atypical 
Isolated Programming input circuit is 
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Figure 3.1. Rear Panel 




























J202 




shown in Figure 3.3. Two boards are 
used in Models 77 and 78 one board 
(J217) is used in Model 76. 

3.14. The command for a function or 
range selection is made by supplying a 
common to the appropriate pin on the 
Programming Input connector. One side 
of each programming relay is tied to one 
side of each of the other relays and to 
the external +12 volt supply supplied 
by user. 

3.15. Current flow through a closed 
circuit Is approximately 6 milliamperes. 



J201 I 




Figure 3.3. Typical Program Input 



3.16 RANGE/FUNCTION CODE BOARD 

(J218) 

3.17. The Range/Function Code board 
contains two diode matrices. One is 
used to convert the internal DVM func- 
tion code to the selected output format; 
the other matrix converts the internal 
DVM range code to the selected output 
format. Specific coding differs with 
the option selected. The codes are 
identified on the "Pin Assignments" 
chart for the particular accessory. 

3.18 COMMAND LOGIC BOARD 

(J219) 

3.19. The Command Logic Board used 
in the Model 76 options, provides an 
approximate 1 ms delay for the print 
drive signal. The Command Logic 
Board used in the Models 77 and 78 
options, is used in conjunction with 
the Delay Board (J220). These two 
boards, provide a delay or "timeout" 
period to provide settling time for the 
input accessories (used with AC, DC, 
Kilohms, or MV measurements) and 
to allow time for the DVM to change 
ranges when operating in Auto Range. 
At the end of the delay period, a Print 
Command is generated. 
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Direct 

Command 

Delay 

Command 



Pol. 



DVM 

Command 




Fx 




L- fv Print 


Print 




^ 


Driver 



Print 



Figure 3.4. Block Diagram - Delay Circuit 



3.20. A simplified diagram of the 
Command Logic and delay circuitry is 
shown in figure 3.4. This general 
configuration is used with Models 77 
and 78. A simplified block diagram of 
the Print Command logic used in the 
Model 76 options is shown in figure 
3.5. 

3.21 DVM COMMAND 

3.22. The DVM Command is applied 
to the instrument causing a new read- 
ing to be taken. The command is initi- 
ated on the negative-going edge of a 
positive pulse generated by the Com- 
mand flip-flop. The flip-flop is set 
true by either the Direct Command or 
an inverted start stop strobe pulse 
generated at the end of a DVM read 
cycle. The flip-flop is reset by the 
delayed output of the one shot (initi- 
ated by either the direct or delay com- 
mand) or the delayed pulse of the delay 



generator. The Delay Generator pro- 
vides various timeouts to allow for the 
settling time of the accessory selected 
(see table 3,2). The delay determining 
portion of the circuit is located on the 
Delay Board. The Delay starts when 
-the delay flip-flop is set true by the 
Delay Command or by the 0‘s and 9's 
signals from the decades indicating 
that either the up or down range change 
is required. The Delay flip-flop is 
then reset by the start-strobe. 



Type of Measurement 


Delay 


DC Volts - Fast 


105 ms 


Ratio 


630 ms 


DC Volts 


630 ms 


AC Volts 


460 ms 


Millivolts 


1 .25 sec 


Ohms 


890 ms 



Table 3.2. Delay Times 
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Scart/Stop » 



Auto Pol. 
Command 




Start/Stop 

Print 



J L 
J L 

200ps Min 



Ref. Vol. 
Common 



Direct DVM 

Command * * Command 



Figure 3.5, Print Command Logic 



PRINT Command Is a contact 
closure at the completion of 
the read cycle. The contact 
is open during the read cycle . 



3,23. The Print signal indicates that 
the instrument has completed the read 
cycle , The Print is taken from the 
inverted start-stop strobe signal and 
extended approximately 1 millisecond 
by the Print Drive circuit on the Delay 
Board. The Print signal is inhibited 
during a range and polarity change. 

3.24 DIGITAL OUTPUT CONNECTIONS 

3.25. Pin assignments of the Digital 
Output connector, J202, are given in 
Table 3.3. The outputs include data 
from each decade (units through 
100,000) range, polarity, and function. 
Each output consists of four bits, XI 
through-X4, representing 1-2-2-4 or 
1-2-4-8 depending on the option. The 
BCD output format for each option is 
shown in Table 3.4. The table also 
includes sample data outputs . Outputs 
are obtained by supplying an external 
reference voltage as described below . 

3.26 EXTERNAL VOLTAGE SUPPLY 

3.2 7. The external reference supply of 
up to 100 volts is applied across pins 
T and S of J202. This voltage is pres- 
ent at each individual output pin when 
the corresponding relay contacts are 
open (Figure 3.2). This will occur on 
eithera true or false bit, depending on 
the option selected. 



Figure 3.6 . Print Command 

3.28, The common sides of each pair 
of relay contacts are normally tied to- 
gether. However, the commons for 
each group can be brought out sepa- 
rately (as explained in 3.33) if so 
desired. 

3.29. Polarity bits X2, X3, and X4 
are either permanently strapped to 
common or tied (through 47Kohm resis- 
tors) to the reference voltage, depend- 
ing on option. 

3.30 PRINT COMMAND 

3.31. The Print Command, 1201-pin U, 
indicates to the printer that the data 
present at the output connector is final 
data (the measurement cycle has been 
completed) and that it is time to print. 
During the measurement cycle, the 
printer is inhibited from printing the 
interim data values by a voltage level 
on this line. At the end of the meas- 
urement cycle, the level changes pro- 
viding the print command (Figure 3.6), 
The signal can be of either polarity . 
The voltage is the external reference 
voltage in series with 47K resistor. 

3.32. The external reference voltage 
and the print command appear at both 



3-5 




Table 3.3 
Digital Output 
Connector J202 



Function 



Polarity 

Polarity 



lOOO’s 

iOOO's 



lOOK's 


XI 


lOOK's 


X2 


Function 


XI 


Function 


X2 


1 Print Command (1) 
Ext. Reference (1) 


Common 


(1] 



lO's X4 
lOO’s X3 
lOO's X4 
IOOO's X3 
IOOO's X4 
lOK's X3 
lOK's X4 
lOOK's X3 
lOOK's X4 
Function X3 
Function X4 
Function Common { 2 ) 
Range Common (2) 
Polarity Common (2) 
Units Common (2) 
lO's Common (2) 
lOO's Common (2) 
IOOO's Common (2) 
lOK's Common (2) 
lOOK's Common (2) 



(1) Model 77 equipped with these lines only 

(2) See paragraph 3.33 



Mating Connector: 

Dana P/N 600356 - Glass Seal P/N BE7H22-55P 
















Table 3.4. OuOut Codes and Format 






























































DIGITAL OUTPUT 
J202 




Figure 3.7. Output/Program Interconnections 



3-8 




the Digital Output connector and the 
Program Input connector (figure 3.7). 
Therefore, these external connections 
can be made at either of the two 
connectors . 

3.33 DIGITAL OUTPUT COMMONS 

3,34. As shown on the basic sche- 
matic of the Digital Output circuits, 
the commons for each group of outputs 
are tied together. If it is desired to 
isolate any or all groups of outputs, 
it is necessary to move the factory- 
installed jumpers to the appropriate 
pins. The terminals at which the jum- 
pers are Installed are physically lo- 
cated on the "mother board" and are 
identified on the intraconnection draw- 
ing (430699). The jumper terminals 
are listed in Table 3,5. To isolate 
any output, remove the factory- 
installed jumper at the terminals 
listed in column 3 and install jumpers 



at the terminals listed in column 4. 

3.35 REMOTE PROGRAM OPERATION 

3.36, With the Remote Program acces- 
sory, the instrument can be operated by 
remote contact closures or by a com- 
bination of front-panel manual controls 
and remote contact closures. 

3.37. Table 3 . 6 provides a list of pin 
assignments of the instructions that 
may be programmed at J201, the Remote 
Program connector. In order to operate 
the isolated relays. It is necessary to 
connect an external +12 volts to pin N 
of J201 (see Figure 3 .7) . An instruction 
is transmitted into the instrument by 
providing a common (to the externally 
supplied +12 volts) at the pin corres- 
ponding to the desired command (identi- 
fied in Table 3.6). The instruction is 
not operative, however, unless the 
corresponding manual control on the 



Table 3.5. Common Jumpers 



(1) 

J202 

Pin 


(2) 

Function 


(3) 

Jumpers 

Installed 


(4) 

Jumpers 
for Isolation 


G 


Function Common 


E2 - ElO 


ElO - E20 


L 


10, OOO's Common 


E8 - Ell 


Ell - E19 


P 


lOOO's Common 


E9 - E12 


E12 - E23 


K 


100' s Common 


E7 - E13 


E13 - E24 


R 


lO's Common 


E5 - E14 


E14 - E25 


N 


Polarity Common 


E4 - E16 


E16 - E27 


M 


Units Common 


E3 - E15 


E15 - E26 


H 


Range Common 


El - E18 


E18 - E21 




100, OOO's Common 


E6 - E17 


E17 - E22 
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front panel is sot to its REMOTE posi- 
tion. Therefore, to remotely program 
the range, the RANGE control must be 
set to REMOTE . The same is true of the 
FUNCTION control, if the function is 
to bo remotely programmed. It is pos- 



Table 3,6 
Remote Program 
Connector J201 



Function 


Pin 


1 Range 


Y 


10 Range 


W 


100 Range 


L 


1000 Range 


K 


lOK Range 


J 


Ratio 


G 


DC Fast 


H 


DC 


V 


AC 


X 


MV 


D 


Kilohms 


F 


Hold^^J 


U 


Command^^^ 


P 


Delayed Command 


M 


Ext. Reference 


R 


Common 


B 


Print 


£ 


+ 12 Volts(l) 


N 


^^^Model 76 equipped with these 
lines only 


Mating Connector; 

Dana P/N 600356 
Glass Seal P/N BE7H22 


-55P 



siblc, howcvfir, to set one control 
manually while another is being re- 
motely controlled. 

3.38. Each Accessory includes a pin 
for commanding the instrument to take 
a reading. To enable this command 
function, the instrumc-nt is put in the 
Hold mode, either by turning the front 
panel READ-HOLD control to the HOLD 
position or by providing a command 
(common) to pin U (Hold). A single 
reading can then be commanded by a 
common to pin P (command) . The 
instrument immediately initiates a 
measurement cycle, and holds this 
measurement until the common at pin P 
is broken and again made. 

3.39. The delays listed in table 3.2 
are obtained by applying a common to 
pin M, the Delayed Command, rather 
than pin P which provides no Internal 
delay. 

3.40 GENERAL PROGRAMMING RULES 

(a) Commands (contact closures) 
must be 3 milliseconds (min.) 
duration . 

(b) The range and function relays 
require approximately 25 milli- 
seconds to switch. Therefore, 
after the function and range 
selections are made, 25 milli- 
seconds should be allowed be- 
fore application of the input 
signal . 

(c) If the Read Command is made at 
the Direct Command input (pin P) 
rather than the Delayed Command 
Input (pin M), a delay equal to 
that in Table 3 . 7 must be provided 
if the range, function, or input 
signal have been changed. 
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Table 3.7. Settling Time 



Function 


Settling Time 


DC Volts Fast 
Ratio 
DC Volts 
AC Volts 
Millivolts 
Ohms 


50 milliseconds 
500 milliseconds 
500 milliseconds 
300 milliseconds 
1 sec 

750 milliseconds 



These are settling times 
only. Table 3.2 lists the 
automatic timeout periods 
taken when using the de- 
layed command. Times in 
Table 3.2 include settling 
time plus tolerances of 
components . 



(d) If no remote range selection is 
made and the Range switch on 
front panel is on REMOTE, the 
instrument is in Auto Range . 

(e) With the instrument on Auto 
Range and the Direct Command 
input used, the Command (clos- 
ures) must not exceed 25 milli- 
seconds . 

3.41 GENERAL PROGRAMMING 
PROCEDURE 

3.42. The following procedures 
assume that the connections to the 
measurement points are made as des- 
cribed in 2.34 through 2,45. 

(a) Place instrument into HOLD mode 
either by setting the front panel 
MODE switch to HOLD or by 
applying a closure to common at 
pin U of J201 . 



(b) Apply closures to common at the 
pins corresponding to the desired 
function and range . For example , 
AC volts on the 100-volt range 
is commanded by closures to 
common at pins X and L. If Auto 
Range is desired, do not select 
any range . 



CAUTION: If the s e 1 e c t e d 
function was changed from 
the previous measurement, 
the input voltage should not 
be applied for 25 millisec- 
onds. If the previous meas- 
urement was, for example, 

MV, 100 volts AC may damage 
the input circuits if applied 
before the relays are com- 
pletely switched. 

(c) If function was changed, allow 
25 milliseconds for relay oper- 
ation, then apply input signal. 
Command a Delayed Read by 
completing a closure to pin M. 
If the command is made at the 
direct Command input (Pin P) , 
the Read must be delayed by the 
settling time of the function 
being measured (see Table 3,7). 
At the end of the measurement 
cycle, the print line, pin c, 
drops to zero and the instrument 
will accept another command. 

3.43. When used in a system such 
as a scanner where the inputs are the 
same function, it may be more con- 
venient to select the function and range 
manually and use only the Print and 
Read Command lines remotely. Upon 
receipt of the Print Command, the ex- 
ternal system itself may generate the 
next Read Command. 
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divider network consisting of a fixed 
resistor, a potentiometer, and a Zener 
diode. The drive current for the Zener 
comes from the output of the Reference 
Buffer itself. Through careful selec- 
tion of components and a balancing of 
the various resistances in the feed- 
back network, an essentially zero 
temperature coefficient is achieved 



within the operating range of the 
instrument . 

4.90 DISPLAY (Schematic 430389) 

4.91. The Display board provides a 
mechanical assembly for the digital 
display tubes and carries the drive 
circuits for the neons that indicate 
decimal point, polarity, and range. 
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SECTION 4 



THEORY OF OPERATION 



4.1 INTRODUCTION 

4.2. Circuits in the Model 5524 fall 
into two functional areas . The cir- 
cuit boards in the right-hand side of , 
the instrument as viewed from the 
front (J12-J22) are the signal condi- 
tioning circuits. The boards in the 
opposite side (Jl-Jll) are digitizing 
and display circuits. The purpose of 
the signal conditioning section is to 
provide a -10 volt full scale analog 
signal to the digitizing and display 
section where it is balanced against 
a current derived from a precise ref- 
erence voltage . 

4.3. This section describes, first, 
the signal conditioning circuits indi- 
vidually followed by a discussion of 
operation of the signal conditioning 
circuits for each mode (type of meas- 
urement) . Overall operation of the 
digitizing and display section is then 
described since it is the same in all 
operating modes. This is followed by 
a description of individual circuits in 
that section. 

4.4. The last two figures in this 
section are functional intraconnection 
diagrams of the signal conditioning 
section (Figure 4. 10) and the digitiz- 
ing and display section (Figure 4.11). 
Each of the diagrams can be unfoldea 
allowing the diagram to be referenced 
while reading the circuit descriptions 
throughout the section. The diagrams 
are intended to supplement the com- 
plete schematics included in Section 
6. Dana logic symbols are defined 
in Figure 4 . 1 



4.5 SIGNAL CONDITIONING CIRCUITS 

4 . 6 CONTROL AND ATTENUATOR 
(Schematic 430705) 

4.7. The Control and Attenuator is 
the first assembly behind the front 
panel . On it are mounted the front 
panel switches and input/output ter- 
minals. The board contains relays 
that switch the function and range dis- 
plays; filters; scaling resistors; and 
a feedback attenuator for millivolt 
measurements. The relays are con- 
trolled by the function selection — 
from either the front panel switch or 
through remote programming — and by 
the range signals — from either the 
RANGE switch, through remote pro- 
gramming, or from the Range Control 
board. 

4.8. Eight relays , K1 through K8 , are 
used. One side of each relay coil is 
tied to+28V;the relay is energized by 
applying a digital common level to the 
opposite side. The purpose of each 
relay is indicated in the following 
table. 
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Figure 4.1. Dana Logic Symbols 
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4.9 ISOLATOR (Schematic 430659) 

4.10. The Isolator is a floating-input 
potentiometric amplifier capable of 
operating at very low signal levels . The 
feedback, loop, that establishes am- 
plifier gain, is located on the Control 
and Attenuator board. The feedback 
circuit and the amplifier input are 
switched into various configurations 
to conform to the function selected. 
The amplifier operates as a unity-gain 

i solator for DC , ratios , and resistance 
measurements, as a gain of 10 ampli- 
fier for AC measurements; and as a 
preamplifier for millivolt measure- 
ments on the 100 and 1000 ranges. 

4.11. Operating in conjunction with 
the Isolator amplifier is a “bootstrap" 
amplifier (consisting of Ql, Q3, Q4, 
Q7 , Q8 , Q9 , and Ql 1 , see schematic). 
This amplifier samples the voltage at 
the negative feedback point and ad- 
justs the supply voltages to the input 
stage so that base and collector volt- 
age remain constant. Also it provides 
a reference level for the first stage 
base current compensation network. 

4.12 RANGE CONTROL (Schematic 
430408) 

4.13. Range changes in the instru- 
ment are determined by the BCD state 
of the Decades in the Digitizing and 
Display Module and controlled by the 
range signals R1 , R2 , R3 , and their 
complements. These signals are the 
outputs of a three-stage counter on 
the Range Control circuit board. The 
counter counts up or down in response 
to logic at the input which depends 
on the function selected. If the de- 
cades are not at full scale (109999), 
the Count Up signal is inhibited by 
the lines from the Decades. If the 
state of the decades is not at one- 



tenth scale or less (010000), the 
Count Down signal is inhibited. The 
circuit arrangement of the inhibit 
lines is shown in Figure 4.2. 

4.14. The Count Up and Count Down 
lines are clamped by diode gates on 
the decades when a change (either up 
or down) in the range counter is to be 
inhibited. An "up" range is allowed 
only when the Overflow flip-flop on 
the Control Logic board is set and the 
four lower-order decades are at nine- 
indicating 109999. In addition to this 
count, an "up" from the Trigger flip- 
flop is also required. At any count 
other than 109999, the Count Up sig- 
nal is clamped to common by one or 
more of the diodes in the O's or 9's 
gates on the Decade boards or diodes 
on the Overflow flip-flop output. 

4.15. A "down" range is allowed only 
when the count is less than 01000. 
This is indicated by the Overflow flip- 
flop "off" and the O's gate from the 
lOK decade "true". At other counts , 
the Count Down range signal is inhi- 
bited . 

4.16. The count lines are also inhi- 
bited (clamped to common) by diodes 
on the Auto Polarity board during a 
polarity change. 

4.17. The Count Up Range and Count 
Down Range signals have no effect on 
the counter except when the output of 
the Start/Stop Memory (S/S) one-shot 
is "true" . This occurs when the S/S 
signal (generated in the Digitizing 
and Display module) goes "false" at 
the end of a digitizing process. The 
count signals can be inhibited also by 
the "forbidden range" logic explained 
in the following paragraphs. Nor- 
mally the counter will count up as 
shown in the following table. 
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Figure 4.2. Range Counter Inhibit Lines 
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States 


Range 


R1 


R2 


R3 


0 


0 


0 


1 


1 


0 


0 


10 


0 


1 


0 


100 


1 


1 


0 


1000 


0 


0 


1 


10, 000 



4.18. Since ail ranges are not used 
for ail functions, logic is present to 
prevent the counter from remaining on 
a prohibited range for a particular 
function. Forexample, withthe Milli- 
volt function selected, R2 is not 
allowed to reset and R3 is held "off" 
by the MV line applied to R2 and R3 
through diodes CR37 and CR38. This 
allows only the 100 and 1000 ranges 
to be available with this function 
selected. Similarly, with the counter 
at 110 representing the 1000 range, a 
count -up pulse is Inhibited unless the 
Kilohm function is selected — since 
that is the only function using the 
10,000 range. The input line labeled 
Z is "false" when either AC, DC, 
DCF, or Ratio is selected. This line 
prevents theR3 flip-flop from setting— 
thereby skipping the 10,000 range. 

4.19. Any fixed range, selected ei- 
ther manually or remotely, inhibits 
the automatic range function. This is 
done by logic gate "A" (Figure 4.10). 

4.20 AUTO POLARITY (Schematic 
430406) 

4.21. The Auto Polarity board elimi- 
nates the need for polarity switching 
by maintaining, in conjunction with 
the Isolator output, a negative input 
to the Null Detector (in the digitizing 
and display section) regardless of the 
polarity of the input. The circuit con- 
sists of an inverting amplifier with 
polarity-dependent feedback paths, a 



differential amplifier, a polarity flip- 
flop, a one-shot circuit, and a relay 
driver. 

4.22. The Isolator output is applied 
to the Auto Polarity board at pins D 
and 14. The signal is scaled to 10 
volts full scale and of the same po- 
larity as the input. When the input 
is negative, relay K1 is not energized 
and the signal (at pin 14) is routed 
directly to the Null Detector. 

4.23. The Auto Polarity amplifier has 
a separate feedback path for each 
polarity. When the input signal is 
positive, the Auto Polarity amplifier 
output is negative. The output from 
the negative feedback path is routed 
to pin J of J20, through relay contacts 
on the AC Converter board and back 
to pin 1 of J20 and through a poten- 
tiometer, the + Polarity Gain adjust- 
ment, to the normally open contact of 
Kl. 

4.42. The negative voltage at the 
Auto Polarity output (at the junction 
of the two feedback diodes) and ana- 
log common form the input to a differ- 
ential amplifier. The outputs of the 
differential amplifier enable the "dy- 
namic and" gates at the polarity flip- 
flop input when at zero voltage. In 
this case (input signal positive), the 
gate at the reset input (2) of the flip- 
flop is enabled (the gate at 1 is ap- 
proximately 10 volts) . 

4.25. Start-Stop is a signal from the 
digitizing and display section which 
is true (+14 volts) during the digitiz- 
ing (measuring) time of the DVM. At 
the end of the measurement time, the 
line drops to zero and triggers the 
reset side (2) of the polarity flip-flop. 
The flip-flop outputs are now false 
(0 V) at 3 and true (+14 V) at 4. 
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4.26. The positive voltage at 4 turns 
on the relay driver (Q15) which pro- 
vides a common to K1 and energizes 
that relay. The output to the Null 
Detector is now taken from the nega- 
tive feedback path of the Auto Polarity 
amplifier. 

4.27. The effect of the circuit can 
be summarized as follows: if the in- 
put signal is negative full scale (-10 
volts) . the output of the Isolator is 
also -10 volts . Relay K1 is not ener- 
gized and the negative voltage from 
the Isolator is routed directly to the 
Null Detector. If the input signal is 
positive full scale (+10 V) the Iso- 
lator output is also +10 volts, the 
Auto Polarity Output {on negative feed- 
back leg) is -10 volts. The Polarity 
flip-flop causes relay K1 to be ener- 
gized and the negative voltage from 
the Auto Polarity amplifier is applied 
to the Null Detector. Therefore, the 
output to the Null Detector is always 
negative regardless of the polarity of 
the input . 

4.28. A one-shot at the Polarity flip- 
flop output is triggered each time the 
Polarity flip-flop changes state. The 
one-shot "times out" in 10 msec at 
which time the DVM command (to Con- 
trol Logic in digitizing and display 
section) is generated. The 10 msec 
allows relay K1 time to switch com- 
pletely before the next reading is 
taken after a polarity change. During 
the 10 msec delay period, transistor 
Q17is turned on clamping the O's and 
9’s lines to digital common and there- 
by preventing the instrument from up- 
or down-ranging (in Auto Range) dur- 
ing a polarity change. 

4.29 AC CONVERTER (Schematic 
430437) 

4.30. The AC Converter is an acces- 
sory board that may be plugged into 



the designated position in the instru- 
ment at any time. No special wiring 
is required; however, recalibration is 
required. The Converter consists of 
an AC-coupled , wideband, low-level 
amplifier with one permanent feedback 
path for the low range and shunt net- 
works that are switched into the cir- 
cuit by reed relays for the other two 
ranges. The unit is an operational 
amplifier, with resistor-capacitor 
pairs at the input and on the feedback 
loop. The full-scale output on all 
ranges is approximately 3 volts rms 
for a 10-volt rms input signal, 

4.31, The output is applied to the 
Auto Polarity Amplifier which, in AC 
mode, serves as a full wave rectifier. 
Relay K3 is energized when AC is 
selected. It reroutes signals from the 
Isolator and Auto Polarity boards to 
obtain the proper circuit configuration 
for the measurement of AC volts, 

4.32 OHMS CONVERTER (Schematic 
430714) 

4.33. The Ohms Converter is an 
operational amplifier used to generate 
a precise current through the unknown 
resistance. The range resistors , con- 
nected to the +20 volt internal refer- 
ence voltage, determine the current 
source (+ current) to the summing 
junction at the input of the amplifier 
(+ sense) . An equal amount of current 
is supplied to the summing junction, 
through the unknown resistor, from 
the output of the amplifier (- current) . 
Because the reference current is taken 
from the internal reference of the DVM 
itself, the voltage output of the opera- 
tional amplifier is a direct voltage 
equivalent of the unknown resistor 
value. The value of the range resistors 
is selected such that the output of the 
Ohms Converter is read by the DVM 
directly in kilohms . 
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4.34 MEASUREMENT OF DC VOLTS 
AND RATIOS 

4.35. The circuit configuration used 
for the measurement of DC volts is 
shown in Figure 4.3. An identical 
arrangement is used when the instru- 
ment is in the ratio-measuring mode. 
The difference in these two types of 
measurements lies in the counter- 
balancing reference used in the Digi- 
tizing and Display section. DC volts 
are measured against a fixed internal 
reference; ratios are measured against 
an external reference. 

4.36. As explained previously, the 
purpose of the signal conditioning 
section is to produce a negative iO- 
volt full scale signal (-10.9999, in- 
cluding overrange) at the input of the 
digitizing and display section. The 
negative voltage is applied across a 
precision resistor to produce a current 
that is nulled by an opposite current 
derived from the reference voltage. 

4.37. The first step is to scale the 
incoming DC signal to 10 volts full 
scale. The precision scaling resistors 
in the Control and Attenuator circuit 
divide the input voltage by 10 if the 
signal is between^lO .999 and + 109 ,999 
volts, and by 100 if the signal is be- 
tween j;109.999 and ^1000.0 volts. 
The 10 -volt full scale input is then 
filtered to remove superimposed noise 
and fed into the input of the Isolator. 

4.38. The Isolator is, in this mode, 
a unity gain amplifier. Its output is 
therefore identical in polarity and am- 
plitude with the scaled input. The 
voltage is directed to the lOK summing 
resistor in the Null Detector through 
the contacts of Kl . When the Isolator 
output is negative, relay Kl is not 
energized and the negative voltage 
from the Isolator is applied directly to 



the summing resistor. When the Iso- 
lator output is positive, the Auto 
Polarity output is negative, the Polarity 
flip-flop is triggered, and the relay is 
energized. The negative Auto Polarity 
output is then applied to the summing 
resistor, through the Positive Gain 
Adjustment . 

4.39. The current into the Null Detec- 
tor, then, has two potential sources. 
If the input signal is negative, the 
Isolator output is negative and all of 
the required negative voltage is from 
the Isolator. On the other hand, if the 
input signal is positive, the Isolator 
output is positive, relay Kl is ener- 
gized, and the negative voltage is 
taken from the Auto Polarity output. 

4.40. The Auto Polarity amplifier de- 
rives its name from the fact that it 
allows the Null Detector to deal ex- 
clusively with negative currents from 
the signal conditioning section, with- 
out any delay for polarity switching . 
This is of particular importance when 
the signal is frequently passing through 
zero, as in the case of bridge balancing. 

4.41. It is important to note that the 
Positive Polarity Gain adjustment is 
used to calibrate positive input vol- 
tages; however, the actual polarity of 
the voltage affected by this adjustment 
is always negative. 

4.42 MEASUREMENT OF 
FAST DC VOLTS 

4.43. When Fast DC measurements 
are being made, the configuration of 
the signal conditioning circuits is the 
same as for DC measurements except 
that the active filter is removed . Elimi- 
nation of the filter allows the instru- 
ment to settle to within 0.01% of the 
final reading in 50 milliseconds, after 
a step-function change in input level. 
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Figure 4.3. Block Diagram - DC and Ratio Modes 



The filter slows the settling time down 
to 500 milliseconds. Other than this 
change at the input, the fast DC mode 
is identical to that of standard DC and 
ratio measurements. 

4.44 MEASUREMENT OF MILLIVOLTS 

4.45. The Signal Conditioning section 
"expands the scale" by switching the 
function of the Isolator circuit, chang- 
ing it to a preamplifier. A 10-kilohm 
feedback loop is added to the amplifier. 
This, in conjunction with a resistance 
network to ground, switches the gain 
of the amplifier from unity to either 10 
or 100, At a gain of 10, the instrument 
is operating at 1,000 millivolts full 
scale; at a gain of 100, full scale is 
100 millivolts and the last digit reso- 
lution is I microvolt. 

4.46. A passive filter is used at the 
input to attenuate superimposed noise. 
Otherwise the balance of the millivolt 
circuitry is identical to that used in 
measuring DC volts and ratios. 

4.47 MEASUREMENT OF AC VOLTS 

4.48. The measurement of AC volts 
involves the addition of the AC Con- 
verter amplifier and a major reorgani- 



zation of the balance of the circuitry. 
Figure 4.4 illustrates this configur- 
ation. 

4.49. The AC input signal is applied 
directly to the capacitor-coupled AC 
Converter amplifier. The principal 
purpose of this amplifier is to scale the 
input down so that the output of the 
stage is approximately 3 volts rms for 
a 10-volt rms, full-scale input signal. 
Input voltages in the lO-to-100 and 
lOO-to-1,000 ranges are reduced by 
factors of 10 and 100, respectively. 

4.50. The scaled-down voltage is 
applied to the Auto Polarity amplifier, 
which rectifies it and produces a nega- 
tive voltage that is approximately lA 
of the input. A 10-volt rms full-scale 
input to the instrument is now reduced 
byexactly 1/10, to -1 volt. The half- 
wave rectified output of the Auto Polar- 
ity circuit is "summed" with the AC 
Converter output to produce a one-volt 
full-wave signal (the "weight" of the 
Auto Polarityoutput is twice that of the 
AC Converter and 180® out of phase 
with it) . 

4.51. The output of the Auto Polarity 
amplifier is filtered by an active filter 
on the Control and Attenuator Assembly 
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AC MODE 

Figure 4.4. Block Diagram - AC Mode 



DIGITIZING t. DISPLAY 
MODULE 




OHMS MEASUREMENT 

Figure 4.5. Block Diagram - Ohm Mode 
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board and then applied to the Isolator, 
which has been set to a gain of 10 
{using the feedback resistors and 
attenuators that established the 1 , 000- 
millivolt range in the mV mode) . The 
amplified negative voltage is, at this 
point, a 10-volt full-scale analog of 
the rms value of the AC input . It is fed 
directly to the current-determining 10 
Kohm resistor at the input to the Null 
Detector. 

4.52 MEASUREMENT OF OHMS 

4.53. The ohms measurement config- 
uration (Figure 4.5) of the Signal Con- 
ditioning section is similar to that 
used in the measurement of DC with 
the DVM held in negative polarity. 
The Ohms Converter provides a series 
of precise currents (a different current 
for each range) which is passed through 
the unknown resistor. The resultant 
voltage drop is read by the DC meas- 
uring circuitry as a negative voltage 
and displayed as Kilohms. 

4.54 DIGITIZING AND DISPLAY 
CIRCUITS 

4.55. A simplified drawing of the 
Digitizing and Display section is 
shown in Figure 4.6. The input from 
the Signal Conditioning circuits is 
applied to a summing junction at the 
inputto the Null Detector. Regardless 
of the polarity of the voltage being 
measured, the current from the Signal 
Conditioning section is always -1 ma 
full scale. This current is combined 
with a positive current from the DAC 
(Digital/Analog Converter) circuit . 

4.56. DAC current supplied to the 
summing junction is the analog equiva- 
lent of the digital value represented by 
the state of the Decade flip-flops . 



When the summing junction is brought 
to null, the state of the flip-flops indi- 
cates the exact digital value of the 
input signal. 

4.57. The digitizing process, or 
"conversion", begins when the Start/ 
Stop flip-flop (on the Control Logic 
board) is set. Start/Stop is set by 
either of two conditions . The Display 
Rate circuit turns it on automatically 
every 250 milliseconds unless inhibited 
by a ground level at the Ground Hold 
input (READ/HOLD switch on HOLD) or 
a ground level at the Accessory Hold 
input. Start/Stop is also set by an 
External Command received through the 
remote programming input. 

4.58. As Start/Stop is set, the nega- 
tive-going edge of Start/Stop sets the 
Reset flip-flop. Reset is inverted to 
become S9 (Set 9) and applied to each 
of the Decades . Each Decade has four 
flip-flops representingXl - X4 for that 
Decade. S9 sets the Decades to 99999. 
If, with the five Decades set to nines, 
DAC current is less than the input, the 
Overflow flip-flop is turned on by Over- 
flow detecting logic on the Sequence 
Logic board . This adds additional DAC 
current representing a sixth digit 
(lOOK) . If the resulting DAC current is 
still too low, the digitizing cycle is 
completed and the unit is made to up- 
range . If no higher range is available 
or permitted, the overrange condition 
(109999) is read out to indicate an 
excessive input. 

4.59. Normally, however, the initial 
setting of 99999 results in a DAC cur- 
rent greater than the input current. 
This condition is detected by logic on 
the Sequence Logic board; the Sequence 
Counter is stepped to sequence state 1 
(SI). 
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Figure 4.6. Block Diagram - Digitizing & Display Module 
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Figure 4.7. Model 5500 Timing (Without Overrange) 









COMMAND 
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Figure 4.8. Model 5500 Timing (With Overrange) 





4.60. In SI, the lOK Decade is 
"dropped” (each flip-flop "off"). The 
Decades are now set to 09999. If the 
resulting DAC current Is less than the 
input current , the Null Detector causes 
the generation of UP at the Trigger flip- 
flop. The lOK Decade now counts up 
on each clock pulse until DAC current 
becomes equal to or greater than the 
input current. This condition is indi- 
cated byan UP from the Null Detector. 
The Sequencer then advances to S2 and 
the 1000 Decade is set to zero. If 
DAC current is less than the input cur- 
rent, the 1000 Decade is counted up 
in the same manner as the lOK Decade. 
This is repeated for each succeeding 
Decade. At the end of the S5, during 
which the 1 Decade is counted up, the 
Start/Stop flip-flop is turned off. At 
this time, the state of the Decades 
represents the digital value of the input 
signal and the conversion is complete. 
This operation is illustrated in the 
timing diagram of Figure 4.7. In the 
illustration the input is 012345- Fig- 
ure 4.8 shows the timing with over- 
range . 

4.61 NULL DETECTOR (Schematic 
430379) 

4.62. There are two main elements on 
the Null Detector circuit board; the two 
highest order Decade precision DAC 
(digital/analog converter) resistor 
matrices controlled by the state of the 
Decade flip-flops — and the Null Detec- 
tor itself, an amplifier that detects and 
amplifies any difference in input current 
and DAC current. 

4.63. A summing junction at the input 
to the Null Detector receives the nega- 
tive input from the Signal Conditioning 
module and the DAC current. The two 
currents are balanced out by the DAC 
resistor network. The DAC current is 



developed from a precise 20-volt refer- 
ence voltage from the Reference Buffer 
circuit board for absolute measurements 
or from an external reference when 
ratios are being measured. 

4.65. A typical DAC switch in the 

highest order decades is shown in 
Figure 4,9a. Q2 is normally on and 
Rdac circuit. When a posi- 

tive voltage is applied to the base of 
Ql, Q1 is turned on and the resulting 
ground level at the base of 02 back 
biases Q2 and Rj;)j!^Q is out of the cir- 
cuit. As shown in the figure, the 
switch is operated by the "not" side of 
the Decade flip-flop. When the flip- 
flop is "off" ("not" side true), the 
resistor is out of the circuit . Therefore , 
as a decade is counted up, resistance 
is added in parallel and DAC current 
increases at each step. 

4.64. Two types of DAC switches are 
used: one for the lowest order decades 
(1 , 10, 100, and 1000) and a different 
type for the highest order decase (lOK) . 
The 10,000 Decade switches and 1000 
Decade, switches are located on the 
Null Detector board. The balance of 
the switches are on the DAC board 
(Schematic 430376). 

4.66. A typical DAC switch for lowest 
order decades is shown in Figure 4.9b. 
Q2 is normally on, Q3 is normally off, 
and R^aC effectively connected to 
thereferencesupply. When a positive 
voltage is applied to the base of Ql, 
Ql is turned on, biasing Q2 off and Q3 
on; Rdac now effectively connected 
to negative sense. The junction vol- 
tage drops across Q3are compensated 
for by R65 and CRil. As shown in the 
figure, the switch is operated by the 
"not" side of the decade flip-flop. 
When the flip-flop is "off" ("not" side 
true) the resistor is tied to the reference 
voltage. 
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Figure 4.9, Typical DAC Circuits 
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4.67. The positive DAC current is 
applied to the summing junction at the 
Null Detector input. If the DAC current 
is greater than the negative current 
from the Signal Conditioning module, 
the resulting current is positive; if the 
Signal Conditioning input is greater, 
the resulting current is negative. The 
Null Detector is a high-gain amplifier 
that provides an output of sufficient 
amplitude to trigger the Trigger flip- 
flop only when the input (summing 
junction) is negative. The Trigger flip- 
flop is located on the Sequence Logic 
board; its output is t he UP signal. UP 
and its complement, UP, controlgener- 
atlon of the sequence states which, in 
turn, control the counting operation of 
the Decades . 

4.68 DECADES (Schematic 430390) 

There are five Decade boards in the 
instrument, ail identical. The Decade 
board nearest the front of the instru- 
ment controls the 10,000 digit; the 
second board the 1000 digit; the third, 
the 100 digit; the fourth, the 10 digit; 
and the fifth, the 1 digit. 

4.69. At the beginning of a convers- 
ion , after the Start/Stop and Reset flip- 
flops (on Control Logic board) are set, 
the S9 line is made ''true'*. This 
applies a positive voltage to the reset 
side of each flip-flop and represents 
"all to nine" condition. If the Null 
Detector indicates that 99999 is greater 
than the input signal, the Sequence 
Logic places the instrument in sequence 
state 1 (SI). SI is applied to the 
input of the lOK Decade. As SI goes 
"true", the negative-going edge of SI 
places a negative voltage on the reset 
input of the flip-flop, thereby resetting 
it to zero. The "true" output of the 
flip-flop and of each remaining flip- 
flop on the Decade resets the following 



flip-flop as it goes "false" (on nega- 
tive-going edge). Each flip-flop on the 
lOKDecadeis now "off" and the value 
represented by the four Decades has 
changed from 99999 to 09999. 

4.70. SI is applied to the input gate 
along with UP and a clock pulse. The 
Decade counter now counts up on each 
clock pulse. (Sequence state 1 (SI) 
enables count-up of the lOK Decade; 
S2 , the IK Decade; S3, the 100 Decade; 
S4, the 10 Decade; and S5, the 1 
Decade) . Counting continues until UP 
goes FALSE . At this time , the Sequence 
Logic places the instrument in se- 
quence state 2 (S2) and the 100 Decade 
is reset by S2 applied to the input. 
The count-up operation proceeds ex- 
actly as the lOK Decade, except that 
the input gate is now enabled by S2 , 
The 100 Decade and 10 Decade counting 
operations begin on following UP sig- 
nals. At the end of the 1 Decade count- 
ing operation (S5), the Sequence Logic 
counter and Start/Stop flip-flop are 
reset and no further sequence states are 
generated until the Start/Stop flip-flop 
is again set. 

4.71. The "and" gates at the inputs 
to the 2 and 2* flip-flops adjust the 
count to eliminate "forbidden codes". 
Additional gates on the board receive 
various outputs from the flip-flops to 
detect the 0 and 9 states of the Decade 
for use of the range circuits in the 
Signal Conditioning module. 

4.72. Also included on the Decade 
circuit board is a Decoder that inter- 
prets the state of the flip-flops and 
produces the drive voltage for the 
numerical display and the BCD data to 
the digital output accessory. There 
are five lines to the lamps, each repre- 
senting a pair of numerals: 0 and 1, 
2 and 3, 4 and 5, etc. Separate con- 
trol lines determine whether the even 
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or odd numeral is to be lit. During the 
digitizing cycle, a blanking signal 
inhibits both the odd and even enable 
lines . 

4.73 SEQUENCE LOGIC (Schematic 
430393) 

4.74. A counter on the Sequence Logic 
circuit board generates the five se- 
quence states — or periods during which 
each Decade is reset to zero and then 
counted up. In addition, logic gates 
on the board determine when the se- 
quence counter is turned on — and also 
detect the "overrange" condition where 
the input exceeds the five-digit capa- 
bility of that range. Operation of the 
Sequence Logic is described in the 
following paragraph. In the first case, 
it is assumed that the input does not 
require the overrange function. 

4.75. As SI goes "true" SI goes 
2^1se". The negative-going edge of 
SI resets the 1 OK Decade to zero (as 
explained under "Decades") and SI 
enables the input gate to allow the 
Decade to start counting. The lOK 
Decade counts up until UP is received . 
UP resets the SI flip-flop in the se- 
quence counter. On the negative-going 
edge of SI, flip-flop S2 is set. The 
negative edge of S2 resets the IK De- 
cade to zero. S2 enables the input gate 
of the IK Decade and it begins counting. 

4.76. The Sequence counter advances 
to S3 on the next UP and the 100 Decade 
count operation is performed. S4 con- 
trols the counting of the 10 Decade, 
and S5 -controls the counting of the 1 
Decade. The negative-going edge of 
S5 resets the Start/Stop flip-flop. 

4.77. The function of each sequence 
state can be summarized as follows: 



SI resets lOK Decade to zero (on 
negative-going edge); 

51 enables lOK Decade count-up; 

52 resets IK Decade to zero (on 
negative-going edge); 

52 enables IK Decade count-up, 
resets 100 Decade to zero (on 
negative-going edge); 

53 enables 100 Decade count -up, 
and resets 10 Decade to zero (on 
negative-going edge); 

S4 enables 10 Decade count-up, and 
resets the 1 Decade; 

S5 enables 1 Decade count-up and 
resets the Start/Stop flip-flop. 

4.78. The overrange condition exists 
when, after the Decades are initially 
set to 99999, an UP is received. This 
indicates that the value represented by 
the state of the Decades is full-scale 
but still less than the input signal. 
This condition is detected by an "and" 
gate on the Sequence Logicboard which 
receives the UP signal along with the 
clock, Start/Stop, and the "not" out- 
puts of the sequence counter flip-flops. 
When UP enables this gate, a signal 
(Set lOOK) is sent to the Control Logic 
board where it sets the overflow flip- 
flop. The overrange bit has a logical 
weight of 100,000. If the overrange 
bit is "true", the readout is lOXXXX. 
For reasons of linearity and accuracy, 
the analog weight of the resistor 
associated with this bit is 10,000. 
This requires that the lOK decade be 
set to 9 and results in a total weight 
of 9 + 1 or 10. The readout does not 
indicate 199999 but the true analog 
weight of 109999. 
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4.79, If, after the overrange bit is 
set, the new comparison at the Null 
Detector results in an UP, this indi- 
cates that the input is some value be- 
tween 99999 and 109999. The negative- 
going edge of lOOK places the instru- 
ment into sequence state 3 and the 
conversion proceeds as described 
before, but with the lOK position 
remaining at 9 and the 1000 Decade the 
first Decade “dropped". 

4.80. If, afterthe overflow bit is set, 
an UP is received — indicating that 
109999 is still less than the input, a 
digitizing cycle is not performed and the 
unit is made to uprange (if instrument 
equipped for auto range) . If no higher 
range is available , the overrange indi- 
cation of 1 09999 is displayed (printed) 
to indicate an excessive input. 

4.81 CONTROL LOGIC (Schematic 
430685) 

4.82. The conversion operation begins 
when the Start/Stop flip-flop is set. 
Start/Stop is set either automatically, 
by the Display Rate circuit, or by an 
external command . 

4.83. The Display Rate circuit is an 
oscillator which delivers a pulse every 
2 50 milliseconds when the READ/HOLD 
switch is in the READ position. The 
oscillator output is inverted and 
applied to an "and" gate. The gate is 
Inhibited when the READ/HOLD switch 
is in HOLD — or by Accessory Hold if 
the line is at ground level. The Start/ 
Stop flip-flop is set on the negative- 
going edge of Display Rate signal. 
Start/Stop is also set when an external 
command is received through the pro- 
gramming input . 

4.84. As Start/Stop (S/S) is set, the 
negative-going edge of S/S sets the 



Reset flip-flop. RESET is applied 
through an inverter to the Decades as 
S9 (Set 9) . It sets the Decades to 
99999 and resets the Overflow flip-flop 
to zero. The R eset flip -flop is turned 
off by the next CLOCK. 

4.85. The "true" output of the Start/ 
Stop flip-flop is applied to an inverter. 
The inverter output is the blanking level 
which biases off the display lamps 
during the digitizing process. At the 
end of a conversion, Start/Stop is 
turned off byS5 (negative-going) . This 
releases the blanking signal and, at 
that time, the- state of the Decade is 
displayed. 

4.86. The Overflow flip-flop is set by 
the Set lOOK signal from the Sequence 
Logic board. Its output operates a 
corresponding DAC switch in the Null 
Detector representing a "1 " digit inthe 
lOOK position. This feature allows an 
overrange voltage to be measured and 
displayed , 

4 . 87 REFERENCE AND BUFFER AMPLI- 
FIER (Schematic 430395) 

4.88. The reference and Buffer Ampli- 
fier board serves two functions: it 

produces a precise 20-volt internal- 
reference output for absolute measure- 
ments, and it serves as a high input 
impedance , 1 o w-o u t p u t impedance , 
buffer amplifier for external reference 
voltages used in ratio measurements. 
In ratio mode, this amplifierhas a gain 
of 2. A relay on the board (Kl) switches 
the circuit from an internal reference 
voltage supply to a buffer for the 
external reference voltage when ener- 
gized by the RATIO command. 

4.89. The internal reference circuit is 
based on the use of an aged Zener 
diode. The Internal Reference is a 



4-18 





Figure 4.10. Functional Intraconnection - Signal Conditioning 4-20 

























SECTION 5 



TROUBLESHOOTING & MAINTENANCE 



5.1 INTRODUCTION 

5.2, This section is to be used as a 
supplement to the schematics and as- 
sembly drawings of Section 6. Con- 
tained in this section are troubleshoot- 
ing guides, power supply voltages, 
parts ordering information, and cali- 
bration procedures . 



WARNING 

Potentials over 300 volts are used 
in the instrument in the locations 
listed below: 

Power supply 
Display tubes 
Display board 
Decade boards 
Range control board 



5.3 MECHANICAL DISASSEMBLY 

5.4. Troubleshooting the instrument 
at the circuit board level can be ac- 
complished wi th out re m ov i n g the 
chassis from the sealed case. It is 
only necessary to slide the chassis out 
part way. This allows all boards ex- 
cept the Control and Attenuator and 
Display boards to be replaced (see 
5.6) . 

(a) Remove power from DVM. 



(b) Loosen the eight captive alien 
screws around the front panel 
and slide the drawer forward to 
the stops. This allows access 
to the circuit boards. 

(c) Before applying power, check for 
mechanical short between guard 
and case and between guard and 
input common. 

CAUTION: When operating in- 

strument with chassis partially 
removed , disconnect guard clip 
on input cable from the source to 
prevent possible damage to ex- 
ternal voltage supply by ground- 
ing point to which guard is 
attached . 

5.5. If, when the procedures in this 
section are followed and it is deter- 
mined that the malfunction is not due 
to a faulty circuit board, it is neces- 
sary to completely remove the chassis 
from the case: 

(a) Remove cable support rod from 
DVM chassis . 

(b) Disconnect cables from rear of 
chassis . 

(c) Slide chassis out of case. 

5.6. The Control and Attenuator board 
and the Display board are each secured 
by two screws installed through the 
bottom plate of the chassis. These 
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screws are accessible with the chas- 
sis removed from the case . In remov- 
ing the Control and Attenuator, it is 
also necessary to drop the front panel 
by removing three screws on either end 
of the panel . After the panel is dropped , 
the screws should be replaced to sup- 
port the card guide. 

5,7 POWER SUPPLY 

5.8. When checking for any major 
trouble in the DVM, make the following 
routine check of the power supply. 

(a) Apply power to instrument. 

(b) Set MODE switch to READ. If 
readout is blank, refer to figure 
5.1. 

(c) The power supply voltages are 
most easily checked by placing 
the Null Detector board (J8) and 
one of the Decade boards (J2 
through J6) on extenders and 
measuring the voltages at the 
pins indicated in table 5.1. If 
any of the voltages are low, 
indicating a short, isolate the 
cause by removing all boards. 
If the low voltage still exists, 
the problem is in the power 
supply itself (see schematic 
430701) or a shorted strap on 
the main circuit board. If the 
voltage returns to normal, re- 
place the boards, one at a time, 
until the board having the short 
is found. 

5.9. If the power supply appears to 
be operating normally, refer to the 
Initial Checkout Procedures (2.13). 
In addition, perform the following 
check: 

(a) Set RANGE to AUTO 



Table 5.1. Power Supply Voltages 



Pin 


Schematic 
Ident . 


Nominal 


Ripple 


J8-4 


+40V 


+52V 


500mV 


J8-T 


+28V 


+32V 


500mV 


J8-U 


-28V 


-32V 


SOOmV 


I8-N 


+ 18V 


+ 17V 


5mV 


J8-V 


-18V 


-17.5V 


5mV 


J2-V 


+2V 


+2.2V 


20mV 


J2-P* 


+ 14V* 


+ 16V 


225mV 


J2-10* 


+300V* 


+ 3S0V 


500mV 


♦Referenced to digital common. 


J2-N, 


other voltages referenced 


to analog common, J8-P. 





(b) Set FUNCTION to DC 

(c) Set MODE to READ 

(d) Set POWER to ON 

(e) Connect the signal input leads 
to a source of variable DC . 
Slowly increase the DC source 
voltage from zero to 10 volts. 
Che ck the DVM for problems 
covered in figures 5.4 and 5.5. 



5.10 BOARD SUBSTITUTION 



5.11. When spare boards are available, 
the most effective method of isolating 
a malfunctioning board is by substi- 
tution. Replace all boards in the DVM 
with spare boards. If the problem 
persists, the malfunction is narrowed 
down to that portion of the DVM still 
remaining , If the DVM is functioning 
normally with the spare boards, replace 
the spare boards, one at a time, with 
the original boards until the problem 
reappears. Repair or replace the mal- 
functioning board. 
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Table 5.2. Component Characteristics 



Configuration 

(See Below) Type Usage 



Medium power 



Analog 

Medium power 

Low level 
1st stage 

Low level 
1st stage 

High gain 
analog 

High speed 
digital 

Low leakage 

Logic 

Power 

Low leakage 
7.5v 



Dual 

NPN 

Dual 

NPN 



Diode 

Diode 

Diode 

Diode 

Zener 

Zener 

Zener 

Zener 



Notes 



Case Common to 
Collector 

Epoxy 

Case Common to 
Collector 

Case insulated 



Case insulated 



Epoxy 



Epoxy 



Glass 
Glass 
Epoxy 
Gla ss 
Glass 
Glass 

Glass or Epoxy 



2.4v 



C B E 




C B E 



E B C 



E B C C B E 

O ^ 



CATHODE 

BAND 















5.12 VISUAL INSPECTIOM 

5.13. Check a malfunctioning board 
visually for burned components, loose 
connections or any other abnormalities 
which could cause problems. Check 
also the printed circuit fingers which 
form the pins of the male connector at 
the bottom of the board for oil, dirt, 
etc . The fingers can be cleaned with a 
solvent or a common pencil eraser. 

5.14 RESISTIVE CHECK 

5.15. Component failures such as 
shorted capacitors , openresistors , and 
shorted or open semiconductors are 
easily located by checking the resis- 
tance of a component with a VOM. 

5.16. DIODES. Resistance readings 
taken of diodes vary according to the 
range and type of VOM used. However, 
the forward biased resistance is usually 
in the order of a few hundred ohms and 
the front-to-back ratio is in the order 
of 1000 or more . 

5.17. ZENERS. Zener diodes may be 
checked in the same way as diodes and 
will show whetherthe diode junction of 
the zener is open, shorted or normal 
(zeners tend to appear leaky) . How- 
ever, only by applying power to the 
device can the voltage regulating pro- 
perties of the zener be checked. 

5.18. TRANSISTORS. With respect to 
their junctions, transistors are two 
diodes connected togetherwith the base 
lead connected in the middle {see table 
5.2). These two "diodes" are checked 
for their forward and back resistance. 
In addition, a check is made across the 
emitter and collector for any leakage. 

5.19 BIASING 

5.20, When resistive checks of the 
components fail to discern the cause of 



the trouble, normal circuit tracing tech- 
niques are used. The most useful of 
these Involves the checking of opera- 
ting levels or "biasing" of the active 
components . 

5 . 2 1 . DIGITAL. Digital circuitry per- 
forms all of its functions using only two 
logic states: +14 volts and digital 
common. These two levels are normally 
referred to as "true" and "false" and 
maybe in the form of pulses or levels. 
Diodes are used as gates and pass or 
reject data according to whether the 
diodes are forward or reverse biased. 
Transistors are used as inverters. A 
logic true at the input of an inverter 
results in a logic false at the output 
and a false input results in a true out- 
put. Flip-flops can be analyzed as two 
inverters with inputs and outputs inter- 
connected. In the biasing of logic 
transistors the collector is either at 
digital common (actually about 0.2 
volts above) or at a positive voltage 
determined by the load on the output, 
the collector resistor, and the supply 
voltage (normally +14 volts). For the 
collector to be false, the transistor is 
turned on by a sufficient amount of 
current entering the base. The voltage 
from emitter to base is between 0.6 
and 0.7 volts on all logic transistors. 

5.22. ANALOG. In analog circuitry, 
the transistor collector is biased at 
some potential less than the supply 
voltage but more than the base voltage. 
Varying the base-emitter current results 
in a corresponding change in collector 
current and collector voltage such that 
Increasing the base-emitter currbnt 
causes an increase in collector current , 
The increased collector current results 
in an increase in the I-Rdrop across the 
collector load and the collector voltage 
becomes nearer the base voltage . Less 
base-emitter current results in a col- 
lector current nearer the supply voltage . 
Check transistors for transistor action 
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Table 5.3 . Decade Fault Isolation 



MALFUNCTIONING 


DISPLAY 


CONTROLLING 


DECADE 


READOUT 


SEQUENCE F/F 


lOK 


099999 


1 


IK 


009999 


2 


100 


000999 


3 


10 


000009 


4 


1 


*000000 


5 


*May have double number 






The Display Readout column represents the position of the DAC when the 
sequence count is interrupted by; (1) a malfunctioning decade board, or 
(2) a malfunctioning sequence F/F. Remove the decade board whose corres- 
ponding display readout most nearly matches the DVM display. 



by shorting together the base and emit- 
ter leads and observe that the collector 
returns to the supply voltage. 

5.23 TROUBLESHOOTING CHARTS 

5.24. Unless otherwise noted, the 
following troubleshooting charts , (fig- 
ures 5-1 through 5-5) are valid only 
when the instrument is programmed as 
stated below , 

(a) Set RANGE to 10 

(b) Set FUNCTION to DC 

(c) Set MODE to READ 

(d) Set POWER to ON 

(e) Connect SIGNAL INPUT leads 
(JlOl pins N and P) together. 

5.25 ORDERING PARTS 

5.26. Standard parts can be obtained 
through Dana Laboratories Incorporated, 
its local representatives or through 



other vendors. Consult parts list in 
section 6 for value, tolerance and rat- 
ing. When ordering parts include the 
following information; 

(a) Instrument type 

(b) Description of part including 
reference designator, Dana part 
number, and component type 

(c) Name of printed circuit board (if 
applicable) 

5.27 PARTS REPLACEMENT 

5.28. The following material is recom- 
mended for parts replacement; 

(a) 60/40 rosin core solder 

(b) wire braid - thin 

(c) rosin flux 

(d) rosin solvent - such as percloro- 
ethylene 

(e) moisture resist (type 1A27 or 
equiv.) 
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Figure 5.1. Troubleshooting - Display, Decimal & Function Readout Blank 
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Figure 5.2. Troubleshooting - Display Full Scale 









DISPLAY 

BLANK 



w 
O U 
H :s 
^ w 

m O’ 

w 

pu y 
H X 



u 

O O 

§8 

« ^ 9 

o § §, 

£ § 

£ o 
go 



o 


CO 

1 


H 


UO 


a: 


PJ 


u 


_) 




CQ 


w 

Di 


< 

E-f 



o^a 

38 



5-8 



Figure 5.3. Troubleshooting - Display Blank 
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Figure 5.4. Troubleshooting - Wrong Digit 
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(a) Soldered, flush mounted potentiometer 




(b) Pre-soldering lead preparation, terminal mount 




(c) Pre-soldering wire preparation, flat 
pin connector 




(d) Pre-soldering wire preparation, 
tabular pin connector 




(e) Pre-soldering lead preparation, printed circuit 



Figure 5.6. Component Installation 
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5.29. The following steps should be 
taken to replace components on printed 
circuit boards . 

(a) Dip one end of the wire braid in 
flux and place it on the solder 
joint on the back of the printed 
circuit board . Use care to keep 
the braid on the etch circuit to 
prevent burning of the board. 

(b) Place the tip of the iron firmly 
against the braid until the solder 
is observed on the braid. 

(c) Remove the iron and the braid 
from the board. Lift the lead 
away from the etch pad with the 
diagonal wire cutters and 
straighten the lead with a pair of 
long-nose pliers. 

(d) Repeat the above steps for each 
lead on the component. 

(e) When the lead is perpendicular 
to the board , pull the lead through 
the hole in the board with a pair 
of pliers. 

(f) Remove the flux and burned mois- 
ture resistant coating from the 
board with a flux solvent. 

(g) Bend the leads of the replace- 
ment component to line up with 
the holes on the circuit board. 
Holes filled with solder can be 
opened by heating pad with the 
soldering iron and using a tooth- 
pick or other soft pointed object 
to clear the hole . 

(h) Insert the leads and seat the new 
component firmly against the 
board. Bend leads if required 
and cut as shown in figure 5.6. 

(i) Apply enough solder to cover 
wire and strap. Both wire and 



strap should be discernible. 
Apnlv just enough heat to the 
component lead to allow the sol- 
der to flow freely. 

(j) Clean new solder connection 
with a flux solvent. Apply a 
thin coat of moisture resist. 

5.30 CALIBRATION 

5.31. The calibration of the Model 
5524 is designed to keep the instru- 
ment operating within its specifica- 
tions for indefinite periods of time. 
Access to calibration components is 
made by removing the eight screws 
that secure the front panel to the case 
and pulling the drawer out of the stops. 

5.32. All calibration points involved 
In the calibration of the Model 5524 
are shown in Figure 5.7. Field cali- 
bration procedures are listed in table 
5.4. "Factory Only" adjustments are 
described in 5.48. 

5.30 REQUIRED CALIBRATION 
EQUIPMENT 

5.34. The equipment required by the 
user for the calibration of the Model 
5524 is listed below. 

(a) Service card extender DP/N- 
400839 (supplied by Dana Lab- 
oratories, Inc.) 

(b) Precision null-type microvolt- 
meter (Fluke 845AR or equiva- 
lent) 

(c) Precision DC power supply 
(COHU Model 326 or equivalent) 

(d) Precision voltage divider (E .S .1 . 
Dekavider RV62 2A or equivalent) 

(e) Precision AC source 
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Ohim 

Converter 



Auto 

Polarity (see betow) 



Ranoe 

Control 



Isolator 





Null Detector Test Point 



AC Converter 
(Front View) 




Auto Polarity Test Point 



100MV 



1000MV 




Figure 5.7. Calibration Points 
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Table 5.4. Field Zeroing Procedure 



The following procedure can be used as a field zeroing procedure or when the 
zero is just slightly out of adjustment. It still requires that the chassis be 
pulled partially out of the case, but an extender is not required. 

(a) Set FUNCTION to DC, RANGE to AUTO, and MODE switch to READ, 

(b) Short input leads together. 

(c) Connect microvoltmeter to left side of C3 on Isolator board (see assem- 
bly drawing) . 

(d) Adjust MV ZERO potentiometer on front panel for a microvoltmeter read- 
ing of zero +10 pvolts. 

(e) Apply an input signal of -1.0 mV. Adjust the null detector current 
zero potentiometer (R7) until the readout bounces between -00 . 0009 
and -00.0010. 

(f) Apply an input signal of +1,0 mV, Adjust the autopolarity current 
zero potentiometer (R7) until the readout bounces between +00 . 0009 
and +00.0010. 

(g) Set FUNCTION switch to AC. Check to see that the readout is less 
than 00.0010 with the input shorted. If not, adjust the Auto Polarity 
current zero (R7) to bring the readout between 00.0010 and 00.0005. 

(h) Check steps (b) through (g) to see that readings are within tolerance 
given. If a zero reading with shorted input cannot be obtained after 
completing the above procedure, it will be necessary to use the de- 
tailed zeroing procedure (5.37). 
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(f) Resistance standard 

5.35. CALIBRATION PROCEDURE 

5.36. For all zeroing operations , the 
low side of the microvoltmeter is ref- 
erenced to -SIGNAL INPUT. 

5.37. ISOLATOR ZERO 

(a) Place isolator board (402477) 
on extender board. 

(b) Set FUNCTION control switch to 
FAST DC , RANGE control switch 
to AUTO, and MODE control 
switch to READ , 

(c) Short +SIGNAL INPUT and -SIG- 
NAL INPUT together. 

(d) Connect a jumper across capa- 
citor Cl . 

(e) Connect microvoltmeter lead to 
left side of capacitor C3. 

(f) Adjust MV ZERO control on front 
panel for 0 +50 microvolts out. 

(g) Adjust current zero potentio- 
meter R7 for 0 +50 microvolts 
out . 

(h) Repeat steps (d) , (f) , and (g) to 
ensure accuracy. 

(i) Remove meter connections from 
Isolator board and reinstall in 
DVM. 



5 . 38. NULL DETECTOR ZERO 

(a) Place Null Detector board on 
the extender board. 



(b) 'With the DVM Readout Display 
all zeros and -Polarity, set the 
MODE control switch to HOLD. 

(c) Connect the microvoltmeter lead 
to the feedthrough supporting 
the top of resistor R63 on the 
Null Detector board . 

(d) Adjust the current zero poten- 
tiometer R7 for a reading of 
0 +10 microvolts on the micro- 
voltmeter. 

(e) Remove the microvoitmeter lead 
from the Null Detector board 
and replace the board in DVM. 

5 . 39. AUTO POLARITY ZERO 

(a) Place the Auto Polarity board on 
the extender board and remove 
the plastic shield by removing 
the two mounting screws. 

(b) Set the MODE control switch to 
HOLD. 

(c) Connect microvoitmeter lead, 
through a series lOK resistor, 
to the top of the precision re- 
sistor R1 (standoff) on the Auto 
Polarity board . 

(d) Adjust the 5K voltage zero po- 
tentiometer R1 1 for 0 +10 micro- 
volts output on the microvolt- 
meter. 

(e) Remove the microvoitmeter lead 
from the standoff and remove the 
Auto Polarity board from the ex- 
tender. Remount the plastic 
shield and reinsert the Auto 
Polarity board in the DVM. 
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Figure 5.8. Ratio Test Setup 










5.40. DVM POLARITY ADJUSTMENT 

(a) Place the Isolator board on the 
extender and connect the micro- 
voltmeter lead to the left side 
of capacitor C3 , 

(b) Remove the short from the + and 
- Input Signal lines and connect 
to a negative voltage source. 

(c) Adjust the input voltage until 
microvoltmeter reads -1 milli- 
volt. 

(d) Adjust the Null Detector voltage 
zero potentiometer (R24) until 
Readout Display reads between 
9 and 10 digits in equal propor- 
tions . 

(e) Switch DC Source to Positive 
polarity and adjust input until 
microvoltmeter reads +1 milli- 
volt . 

(f) Adjust the Auto Polarity current 
zero (R7) until the Readout Dis- 
play reads between 9 and 10 
digits in equal proportions. 

(g) Repeat steps (b) through (f) to 
ensure accuracy. 

(h) Remove the microvoltmeter leads 
from the Isolator board and re- 
install board in DVM. 

5.41. RATIO ADJUSTMENT 

(a) Set FUNCTION control switch 
to lOX RATIO. 

(b) Connect the DVM as shown in 
Figure 5.8 with +10 volts power 
supply voltage and the voltage 
divider set to 0 . 999900 . 



(c) Note the Readout display at +10 
volts and reduce the power sup- 
ply to +2 volts . 

(d) Adjust the Reference and Buffer 
Amplifier board ratio linearity 
potentiometer R1 7 until the DVM 
Readout display at 2 volts and 
at 10 volts are the same (within 
5 digits) . 

5.42. PLUS AND MINUS POLARITY 
GAINS 



(a) Set FUNCTION control switch 
to FAST DC . 

(b) Connect the Signal Input leads 
to the Power Supply and select 
-9 .9990 volts . 

(c) Adjust the Reference and Buffer 
Amplifier Minus Polarity Gain 
potentiometer RIO for a DVM 
Readout display of -9.9990 volts . 

(d) Reverse the Polarity of thePower 
Supply voltage and adjust the 
Auto Polarity plus polarity gain 
potentiometer R3 for a DVM 
Readout display of +9 .990 volts. 

(e) Repeat steps (b) , (c) and (d) to 
ensure accuracy. 



5.43. RATIO ACCURACY 



(a) Set FUNCTION control switch 
to lOX RATIO. 

(b) Connect the DVM as shown in 
Figure 5 .8 with the power supply 
set at a precise +10 volts. Set 
the Voltage Divider to 0 . 999900 . 
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(c) Adjust the Reference and Buffer 
Amplifier accuracy potentiom- 
eter R8 for a DVM Readout dis- 
play of +9 . 9990 . 

(d) Switch the FUNCTION control 
switch to FAST DC. 

(e) Check the DVM Readout for dis- 
play of +9 ,9990 . 

5,44. DC RANGE CALIBRATION 

(a) Set FUNCTION control switch 
to FAST DC and the RANGE con- 
trol switch to 100, 

(b) Connect the Signal Input leads 
to a known -100 volt source. 

(c) Adjust the Control board 100 
volt range potentiometer R34 for 
a Display readout of -100.00. 

(d) Set the Range Control switch to 
1000 and connect the DVM to a 
known -1000 volt source. 

(e) Adjust the 1000 volt range po- 
tentiometer R36 for a Display 
readout of -1000.0. 



5.45. MILLIVOLT RANGE CALIBRATION 

(a) Set FUNCTION control switch 
to MV and the RANGE control 
switch to 100 . 

(b) Short input leads together and 
adjust the MV ZERO control pot- 
tentiometer for a DVM readout 
display of all zeros, 

(c) Connect the Signal Input leads 
to a known 100 MV source. 



(d) Adjust Control board 100 MV 
range potentiometer R44 for a 
Display readout of 100.00. 

(e) Set RANGE control switch to 
1000 and connect DVM to known 
source of 1000 MV. 

(f) Adjust 1000 MV range potentio- 
meter R45 for a Display readout 
of 1000.00. 



5.46. AC RANGE CALIBRATION 

(a) Place AC Converter board on 
extender and set the 100 volt 
capacitor (5) to the middle of 
its span. 

(b) Set FUNCTION control switch 
to AC and Range Control switch 
to AUTO. 

(c) Connect the Signal Input to the 
following series of AC voltages 
and frequencies, adjusting the 
indicated adjustment until the 
instrument displays the known 
voltage value; 



Volts, RMS 


Frequency 


Adjustment 
(Figure 5 .7) 


125.00 


400 Hz 


(1) 


125.00 


50 kHz 


(2) 


9.0000 


400 Hz 


(3) 


9.0000 


50 kHz 


(4) 


125.00 


50 kHz 


(5) 


90.000 


400 Hz 


(6) 


90.000 


50 kHz 


(7) 



V/hen all adjustments are com- 
pleted, check accuracy of ranges 
at 50 Hz, using voltage inputs 
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of approximately 9 . 0 , 90 . 0 , and 
125 volts , 

(d) Reinsert AC Converter in DVM. 

5.47 KILOHM RANGE CALIBRATION 

(a) Set FUNCTION switch to KIL- 
OHMS. Place Ohms Converter 
board on extender. 

(b) Short the following terminals 
together: +SIGNAL, -SIGNAL, 
and -OHMS CURRENT SOURCE. 

(c) Adjust Voltage Zero potentio- 
meter for zero display on DVM. 

(d) Remove short between +SIGNAL 
and -SIGNAL and insert 10 Meg- 
ohm resistor between +SIGNAL 
and -SIGNAL. 

(e) Adjust Current Zero potentio- 
meter for zero display on DVM. 

(f) Connect the input to a 10 meg- 
ohm standard and adjust the 
range potentiometer for a DVM 



Readout display equal to the 
value of the standard. 

(g) Repeat with standard resistors 
near full scale of the remaining 
four ranges , adjusting the appro- 
priate controls on the ohms 
board for a DVM Readout display 
for each standard value. 



5.48 FACTORY ADJUSTMENTS 

5.49, Certain adjustments are con- 
sidered critical and it is highly recom- 
mended that they not be disturbed. 
These adjustments involve, generally, 
the selection of FSV (factory-selected 
values) of components to compensate 
for temperature drift. It is necessary 
that an oven be used for these adjust- 
ments . 

5.50. The adjustments considered 
"Factory Adjustments" are R67 on the 
Null Detector, R49 on Auto Polarity 
board, and R42 on the Control Logic 
board. Procedures for adjusting these 
controls are given in the following 
paragraphs . 



Null 




I 1 

Voltage 

Divider 



Figure 5.9. Null Detector Tempco Adjust Set-Up 
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5.51 EQUIPMENT REQUIRED 

Microvoltmeter, Fluke 845 -AR or 
equivalent 

Resistor Substitution Box 

Precision Voltage Source 

Temperature Chamber; 50°C oven 

Modified Null Detector Extender 
(Dana) 

5.52 NULL DETECTOR TEMPCO 
ADJUSTMENT 

5.53. The following procedure need 
be performed only if any of the tran- 
sistors in the first three stages of the 
Null Detector are replaced. The 
initial steps, prior to placing the Null 
Detector in the oven, should be per- 
formed at approximately 25^C. Before 
beginning this procedure, the Isolator 
Zero adjustments (paragraph 5.37) 
must be made. 

(a) Place Null Detector on modified 
extender board; set DVM range 
to 10; remove Auto Polarity 
board. 

(b) Remove FSV resistors R66, R68, 
andR69 from circuit; in place of 
R66, connect Resistor Substitu- 
tion Box. Short null detector 
input to analog common, 

(c) Short DVM input; set Collector 
Zero potentiometer R2 4 to center 
of its mechanical range. Adjust 
the Resistor Substitution Box for 
a readout of random numbers 
between full scale and zero. 
That is, adjusted to the point 
where the Null Detector is gen- 
erating neither an Up or Down 
command. On either side of the 
optimum adjustment, thereabout 
will be either full scale (109999) 
or zero (000000) . 



(d) Remove the Resistor Box from the 
circuit; in its place, install a 
fixed 5% carbon resistor nearest 
to the value determined in step 

c. 

(e) AdjustR24for display of random 
numbers between full scale and 
zero , 

(f) Replace Auto Polarity board. 

(g) Adjust voltage divider at DVM 
input to a voltage of -2MV (re- 
presenting 20 digits). 

(h) Adjust Current Zero potentiom- 
eter R7 for a readout of 000020 
on DVM display. 

(i) V^ith input remaining at 20 
digits, place Null Detector in 
temperature ch a m be r at 50^C 
(by extending cable attached to 
modified extender board) . Allow 
one hour warm-up. 

(j) After warm-up, note number of 
digits displayed on DVM read- 
out. The number of digits minus 
20 represents the amount of 
drift. To compensate for this 
drift, a voltage equal to four 
times the amount of drift and of 
same polarity must be placed on 
the opposite base of the input 
pair. For example, assume that 
the readout drifted from 20 digits 
to 28 during warm-up. This 
means that the drift was 8 digits 
or 800 uV. Remove Null Detector 
from oven and allow to cool . 

(k) To c o m p e n s a t e for the drift , 
install 150 kilohms resistor 
across FSV terminals R69 (if 
drift positive) or 390 kilohms 
across FSV terminals R68 (if 
drift negative) . 



5-20 




(l) Connect microvoltmeter to base 
ofQ15(base "B" on schematic). 
Adjust R67 for a voltage equal 
to four times the drift observed 
in step i {3.2 MV for the above 
example) . 

(m) Repeat b through H; if the drift 
is greater than 1 digit, add 
algebraicly four times the noted 
drift to previous results of step 
i and adjust the voltage in base 
"B" of the input dual to this 
value. 

Example (continuing previous 
example): 

Previous results (after tempera- 
ture run) : 

28 digits -20 digits = 8 digits = 
0 . 8 MV drift 

0 . 8 MV X 4 = 3 . 2 MV compensa- 
tion 

Second temperature run (assum- 
ing readout of 18): 

18 digits -20 digits = -2 digits - 
-0.2 MV drift 

Compensation = (-0.2 MV) 4 + 
3.2 MV (from first run) 

-0.8 MV + 3.2 MV ^ 2.4 MV 

5.54 AUTO POLARITY TEMPCO 
ADJUSTMENT 

5.55. The following procedure need 
be performed only if the first or second 
stage transistor of the Auto Polarity 
is replaced. The initial steps, prior 
to placing the Auto Polarity in the oven 
should be performed at approximately 
25°C . Before beginning this procedure, 
the Isolator Zero adjustments (para- 
graph 5.37) must be made. 



(a) Place Auto Polarity board on 
extender board; set the DVM 
range to 10 and function to DC. 

(b) Remove plastic cover from Auto 
Polarity board. 

(c) Connect microvoltmeter* minus 
lead minus sense (pin C) and 
plus lead to base "B" of the 
input dual and adjust tempera- 
ture potentiometer R49 for a 
microvoltmeter reading of 0 +50 
uv. 

(d) Remove meter lead from base B 
and connect to base "A" of the 
input dual. Replace FSV resistor 
R12 or R15 (a resistor is Installed 
in one of the two) with a jumper 
and set potentiometer Rll to 
midscale. 

(e) If meter reads positive, remove 
jumper from the FSV R12 position; 
if negative, remove jumper from 
the FSVR15 position and replace 
with resistor substitution box. 

(f) Adjustresistor box for the meter 
reading nearest zero. Remove 
the resistor box from circuit 
and replace with a 5% carbon 
resistor of the nearest standard 
value determined by the resistor 
box setting. 

(g) Adjust potentiometer Rll for a 
meter reading of 0+^10 uv. 

*To prevent oscillations, the micro- 
voltmeter should be "decoupled" from 
the amplifier circuitry by inserting in 
series with the positive lead, a lOK 
5% carbon resistor. 
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(h) Remove meter leads and jumper 
from circuit board. Apply +2 
millivolts to the input of the 
DVM and adjust potentiometer 
R7 for a DVM readout display of 
+20 digits (+00.0020). 

(i) Set Auto Polarity board in oven 
at 50^C (by means of extender 
cable) and allow 1 hour for the 
board to warm-up . 

(j) After warm-up, note number of 
digits displayed on DVM read- 
out. The number of digits minus 
20 represents the amount of 
drift.* Multiplying this value 
by 9 gives the correction factor 
needed for temperature compen- 
sation. 

(k) Remove board from oven and 
allow to cool. Connect the 
minus lead of microvoltmeter 
to minus sense and the plus 
lead to base "B" of the input 
dual . 

(l) Adjust potentiometer R49 for a 
microvoltmeter reading of the 
correction factor calculated in 
step k. Remove 2 -millivolt 
input. 

(m) Repeat steps d through k; if 
drift is greater than one digit, 
add algebraically 9 times the 



*If the amount of drift exceeds 5 digits , 
the matched set of gain resistors con- 
sisting of Rl, R8, and RIO must be 
replaced. 



noted drift to the previous cor- 
rection factor and adjust the 
voltage in base “B" of the input 
dual to this value . For example: 
Assume the DVM readout display 
increases from +00.0020 to 
+00.0023, or an increase of 3 
digits (+300 uv) , The correction 
factor is found by multiplying 
the 3 digits by 9, equalling a 
correction factor of 27, or 2.7 
millivolts. On the second trial, 
assume the DVM readout display 
decreases from 00.0020 to 
00.0018, or-2 digits. -2 times 
9 equals -18, or -1 . 8 millivolts; 
added algebraically to 2 . 7 milli- 
volts, it results in a new cor- 
rection factor of 0.9 millivolts. 

5.56 DISPLAY RATE ADJUSTMENT 

5.57. The display rate circuitrydeter- 
mines the number of measurements 
taken by the DVM in a given time 
period. Readjustment of the display 
rate control is required only if repairs 
are made on this circuitry. 

(a) With an oscilloscope monitor 
test point 2 (white) on the con- 
trol logic board. 

(b) Adjust potentiometer R42 on the 
control logic board for a pulse 
repetition rate of four per 
second. 
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PARTS LIST 



ASSEMBLY A07f»38 



REF . 


PART 






















IIESIG . 


NO, 






D E S 


C R 


I P 


T 


I 0 M 








CIO 


120007 


CAP 


MYLAR 


.22 


MFU 


600 


V 


20* 




FLEC CUBE 210BIF224 


Cll 


121146 


CAP 


MYLAR 


.0047 


MFO 


100 


V 


10*1 




CUE 


WMF1D47 


K1 


310029 


relay 














AM 


ZETTLR 


AZ420-56 


K2 


310029 


RELAY 














AM 


ZETTLR 


AZ420-56 


K3 


310029 


RELAY 














AM 


ZETTLR 


AZ420-56 



K4 


310030 


RELAY 


DC 


4 


PDT 


28V 


1 PAKELCO INR10-F046 


K5 


310029 


RELAY 










AM ZETTLR AZ420-56 


K7 


310029 


RELAY 










AM ZETTLR AZ420-56 


K8 


310011 


RELAY 


DC 


2 


PDT 


26V 


BABCOCK BR16-1250H2 


R25 


010344 


RES 


METAL 


237 


K 


1* 


1/4 W ELECTRA RN6002373F 



R26 


010164 


RES 


METAL 


887 


K 


1* 


1 


W 


ELECTRA 


RN70DflH73F 


R53 


040111 


RES 


VARI 


200 


K 




1 


W 


BECKMAN 


555R-200K 


R54 


000104 


RES 


CARBON 


100 


K 


5* 


1/4 


W1 


OHMI TE 


RCU7GF104J 



ASSEMBLY 407031 



REF, 


PART 


DESIC, 


NO , 


Cl? 


1 20089 


Cl 3 


1200R9 


R27 


010020 


R28 


020124 


R29 


010165 



parts list 



CAP MYLAR 
CAP mylar 
R tS METAL 
RES WW 
RES metal 



D E S C R 

4,7 MFO 
4*7 MFIJ 
4,99 K 

MATCHED SET 
806 K 



I P T I 0 N 

60 V 10* 

60 V 10* 

1* 1/4 W 

1* 1/2 W1 



HlMFTICS 1047-60 
lUMFTICS 10^*7-60 
ELECTRA RN6004991 h 
DANA 020124 
ELECTRA 



R30 


020124 


R31 


020241 


R32 


020241 


R33 


010020 


R34 


040033 



RES WW 
RES WW 
RES WW 
RES M6TAL 
RES VARI 



MATCHED SET 
10 K 
10 K 
4,99 K 
1 K 



.05* 1/8 W 

.05* 1/8 W 

1* 1/4 W 

10* 1 W 



DANA 

JIIRDAM 

JllRUAM 

ELECTKA 

TECHNO 



020124 

J-ll 

J“ll 

RN60D4991E 

20 



R35 


020124 


R36 ' 


040033 


R37 


000823 


R38 


000154 


R39 


000824 



R40 


000153 


R41 


010161 


R42 


020204 


R43 


020170 


R44 


040053 


R45 


040053 



RES 


WW MATCHED SET 








DANA 


RES 


VARI 


1 


K 


in* 


1 


W 


TFCHMI 1 


RES 


CARBON 


82 


K 


5* 


1/4 


W1 


(IHMI Tt 


RES 


CARBON 


150 


K 


5* 


1/4 


W1 


□HMI Tt 


RES 


CARBON 


820 


K 


5* 


1/4 


w 


OHMI TF 


RES 


CARBON 


15 


K 


5* 


1 /4 


wi 


OHMITF 


RES 


METAL 


no 


OHM 


1* 


1/4 


w 


PLECTRA 


RES 


WW 


1.1111 


K 


.05* 


1/8 


w 


JOROAN 


RES 


WW 


100.83 


OHM 


.05* 


1/B 


w 


KELVIN 


RES 


VARI 


5 


K 


10* 


1.5 


w 


CTS 


RES 


VARI 


5 


K 


10* 


1 . 5 


w 


CTS 



020124 

20 

RCn7(TEh2 1,1 
RC07CE154.I 
KC07GEH24J 



RCnrcE 1 j 
RN6001 1 OOP 
J-ll 
tP-20 
110 



110 




PARTS LIST 



ASSEMBLY A02477 
REF* PART 



ntsir,. 


NO. 






D 


ESCRIPTION 






CROl 


2000AR 


TRANS 


SILICO 


NPN 


DUAL 2N3565 


DANA 


200048 


CR2 


211236 


DIODE 


SILICO 




007 


DANA 


211236 


CR(53 


200nAft 


TRANS 


SILICO 


NPN 


DUAL 2N3563 


DANA 


20004M 


CR4 


211236 


DIODE 


SILICO 




007 


DANA 


211236 


CR5 


211083 


DIODE 


SILICO 




018 1 


DANA 


2110H3 



CR6 


211083 


DIODE 


SILICO 




018 


1 


DANA 


21 10H3 


CR7 


211083 


DIODE 


SILICO 




018 


1 


f)ANA 


2110H3 


CRR 


211083 


DIODE 


SILICO 




018 


1 


IIANA 


21 K»H3 


CR9 


220012 


DIODE 


SILICO 


ZENER 


1N958B 


1 


M'J fflHOLA 


iN^bHH 


CRIO 


220012 


DIODE 


SILICO 


ZENER 


1N958B 


1 


MUIOMULA 


1N93BH 



CRll 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211CM3 


CR12 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR13 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR14 


211083 


DIODE 


SILICO 


018 


1 


DANA 


21 1(IH3 


CR15 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR16 


210004 


DIODE 


SILICO 




SD4 


DIODES I 


IM SD4 




CR17 


210004 


DIODE 


SILICO 




SD4 


DIODES 1 


N SD4 




CR18 


221177 


DIODE 


SILICO 


ZENER 


1/4 W1 MOTOR 


OLA 


M,2.4A2b 


CR19 


200D48 


TRANS 


SILICO 


NPN 


DUAL 2N3565 


DAnA 




20004H 


CR20 


200048 


TRANS 


SILICO 


NPN 


DUAL 2N3565 


DANA 




200048 



COl 


120128 


CAP 


POLYS 


.0056 


MFD 


125V 


5 % 


OIEL 


•'lino 


C02 


120092 


CAP 


MYLAR 


1 


MFD 


300V 




IMH 


ZA2D105K 


C3 


120063 


CAP 


MYLAR 


2 


MFD 


100 V 


5X1 


I MB 


XT2K205J 


C4 


121146 


CAP 


MYLAR 


.0047 


MFD 


100 V 


10X1 


CDE 


WMF1D47 


C5 


120005 


CAP 


MYLAR 


.001 


MFD 


100 V 


10X1 




WMFini 



C6 


110038 


CAP 


ELECT 


50 


MFD 


15 


V 


20X 


DUCAT I 


50-15 


C7 


110038 


CAP 


ELECT 


50 


MFD 


15 


V 


20X 


DUCAT I 


50-15 


Cft 


110039 


CAP 


ELECT 


5 


MFD 


50 


V 


20X 


DUCAT I 


5-50 


C9 


120003 


CAP 


MYLAR 


.1 


MFD 


100 


V 


10X1 


CDE 


WMF IP 1 


CIO 


110036 


CAP 


ELECT 


25 


MFO 


50 


V 


20X 


DUCATl 


25-50 



Cll 


110036 


CAP 


ELECT 


25 


MFD 


50 


V 


20X 


DUCATl 


25-50 


C12 


100013 


CAP 


CERAM 


15 


PFO 


500 


V 


lOX 


AEKOVOX 


TCD-N750 


C13 


101145 


CAP 


CERAM 


100 


PFD 


500 


V 


10X1 


AEKOVUX 


SCD1X5F 


C14 


120003 


CAP 


MYLAR 


.1 


MFO 


100 


V 


10X1 


CUE 


WMFIPI 


C15 


101145 


CAP 


CERAM 


100 


PFD 


500 


V 


10X1 


AEKOVOX 


SCD1X5F 



01 


201084 


TRANS 


GERMAN 


PNP 


2N1304 


1 TI 


2N1304 


02 


200027 


TRANS 


SILICO 




FSV 


DANA 


200027 


03 


200044 


TRANS 


SILICO 


NPN DUAL 


FSV 


DANA 


200044 



1 of 3 




MRTS LIST 



ASSEMBLY M>2477 



RfF. 


PART 














HESIG. 


NO. 






0 E S C 


K 1 P T ] U N 






UA 


2 000 44 


TRANS 


SILZCO 


NPN 01>AL 


FSV 


DANA 


?()0<)44 


05 


200036 


TRANS 


SILICO 


NRN 


015 


DANA 


? 000 36 



OA 


200036 


TRANS 


saico 


NPN 


015 


DANA 


?(>0O36 


Of 


200043 


TRANS 


SILICO 


NPN 


2N3565 


hAlKCHlLI) 


?N3b65 


OH 


200043 


TRANS 


SILICO 


HPH 


2N3565 


FAIRCHILD 


?N356b 


09 


200035 


Trans 


SILICO 


NPN 


014 


DANA 


?00035 


010 


20002? 


TRANS 


SlLtCQ 


PNP 


012 


DANA 


200022 



01 1 


200052 


TRANS 


SILICO 


PNP 


009 


DANA 


?ono5? 


01? 


200043 


TRANS 


SILICU 


NPN 


2N3565 


FAIMCHILD 


?N356S 


013 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAlKCHiLO 


?N356b 


ni<. 


200022 


TRANS 


SILICO 


PNP 


01? 


DANA 


?00022 


(MS 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


?0003b 



U 1 h 

H 1 


200035 

00015? 


TRANS 

RES 


SILICO 

CARBON 


NPN 

1.5 


014 

K 


5S 


1/4 


wi 


DANA 

OHMITE 


200035 
RC07GF 152J 




oonioi 


RES 


CARBON 


100 


OHM 


5S 


1/4 


Ml 


OHHITE 


RCMTGFIOI J 




010249 


RES 


ww 


25 


M 


2% 


l/H 


W 


DALE 


lfC-2 




000101 


RES 


CARBON 


100 


OHM 


5« 


1/4 


Ml 


(JMMITF 


KCU/OFIOU 



RS 


00067? 


RES 


CARBON 


6 


.2 


K 


b% 


1/4 


W1 


GHMITE 


HCn7(ih6?2.l 


n 6 


00024? 


RES 


CARBON 


2 


.4 


K 


5% 


1/4 


Ml 


OHMITE 


HC07GF242J 


R7 


040005 


RES 


VARI 




10 


K 


lOX 


1/2 


M 


BifURNS 


3067-P-1-10 


Hh 


000152 


RES 


CARBON 


1 


.5 


'K 


5» 


1/4 


Ml 


UHM! Tt 


KCii?GFlb2J 


H Ifl 


00075? 


RES 


CARBON 


7 


.5 


K 


5% 


1/4 


Ml 


OHMITE 


RC07GF7S2J 



Rll 


000136 


RES 


CARBON 


13 N 


5X 


1/4 


M 


OHMITE 


RCn7GFl36J 


kl2 


001734 


RES 


FSV 










DANA 


001734 


913 


010236 


RES 


MM 


10 MEG 


1* 


1 


ML 


PME 


PME70T2 


PIS 


0006B5 


RES 


CARBON 


6.B N 


5% 


1/4 


M 


OHMITE 


HCn7GF6H5.l 


R16 


000132 


RES 


CAABON 


1.3 K 


5% 


1/4 


W 


OHMITE 


RCU7GF132J 



kl9 


010736 


RES 


MM 


10 MEG 


IX 


1 


Ml 


PMb 


PME70T2 


R?n 


000335 


RES 


CAMBON 


3.3 N 


5« 


1/4 


Ml 


OHMlTt 


RC07GF335J 


K21 


000565 


RES 


CARBON 


5.6 M 


5X 


1/4 


Ml 


OHMITE 


RCn7GF5h5J 


R?? 


000393 


RES 


CABBON 




5X 


1/4 


W 


OHMITE 


RC07GF393J 


P23 


000912 


RES 


CMBON 


9.1 K 


5X 


1/4 


Ml 


OHMITE 


RC07GF917J 



K74 


000513 


RES 


CARBON 


51 R 


5S 


1/4 Ml 


OHMITE 


RC07GF513.J 


P75 


000102 


RES 


CARBON 


1 K 


5X 


1/4 Ml 


OHMITE 


RC(W(iFlO?J 


P26 


00012? 


RES 


CARBON 


k«2. K 


5X 


1/4 Ml 


OHMITE 


KCU7GF122J 


R?7 


000102 


RES 


CAMMIN 


1 R 


5X 


1/4 Ml 


OHMITE 


RCn7(;Pl02J 


•<?R 


000472 


AES 


CARBON 


4.7 R 


5X 


1/4 Ml 


OHMITE, 


kC07r»F47?J 




oooioi 


RES 


CARBON 


100 OHM 


5* 


1/4 Ml 




HCnTGFldl J 




HAkT.^ LIST 



ASSh^^KLY 4n?477 
Khh. PAHT 



ni-SI(i. 


I'M 1 • 






15 h S 


C R 


I M T 


I n 


N 






«30 


onoQi2 


KtS 


C. ARBI IN 


9.1 


K 


bX 


1/4 


W1 


(JHmI Tb 


kCfj/GH91>'.) 


K31 


non 102 


RES 


CARBON 


1 


K 


5% 


1/4 


Ml 


0HMIT6 


RC070H02J 


H3? 


000912 


RES 


CARBON 


9.1 


K 


5* 


1/4 


W1 


QHMITE 


KCU7GFS1 2J 




000332 


RES 


CARBON 


3.3 


K 


5% 


1/4 


wi 


OHMITE 


KC07r,F332J 



K.ih 


000332 


RES 


CARBON 


3.3 


K 


5* 


1/4 


Wl 


OHiiITE 


RC07fiH332J 


R3h 


000511 


RES 


CARBON 


510 


OHM 


5t 


1/4 


wi 


OHMITb 


RC070F511J 


R36 


000153 


RES 


CARBON 


15 


K 


5% 


1/4 


Wl 


f)HhITE 


RCO70F153.] 


R37 


000240 


RES 


CARBON 


24 


OHM 


5% 


1/4 


Wl 


LIHWITF 


RC070F240.) 


R3H 


000750 


RES 


CARBON 


75 


OHM 


5% 


1/4 


Wl 


OHMITE 


RC07GF750J 



h3q 


000240 


RES 


CARBt»N 


24 


OHM 


5» 


1/4 


Wl 


OHMITE 


RCn70B24f).| 


R40 


000433 


RES 


CARBON 


43 


K 


5% 


1/4 


W 


IIHMITb 


RCUYGF433J 


R41 


000101 


RES 


CARBON 


100 


□ HM 


5* 


1/4 


Wl 


OHMITE 


RCOTGFIOIJ 


R4? 


nooi 53 


RFS 


CARBON 


15 


K 


5* 


1/4 


Wl 


OHMITE 


RCU7GF153J 


R43 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


RC07GF103J 



R A4 


001734 


RES 


FSV 






DANA 


00] 734 


R49 


000750 


RES 


CARBON 


7 5 OHM 


5* 1/4 Wl 


OHi-ilTb 


RCO/OrYbO. 
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PARTS LIST 



ASSEMBLY A0203R 



REF* 


PART 














OESIG. 


NO. 






OESCRIPTIUN 








CHI 


2110R3 


DIODE 


SIL ICO 


018 1 


DANA 


21 


1083 


A-CRX 


21000<^ 


DIODE 


SILlCf) 


SD4 


DIODES IN 


SL>4 




CR2 


2110R3 


DIODE 


SIL ICO 


018 1 


DANA 


21 


1083 


A-CR2 


21000A 


DIODE 


SILICU 


SD4 


DIODES IN 


SD4 




J-CR02 


210004 


DIODE 


SILICO 


SD4 


DIODES IN 


S04 





K-CR2 


210004 


DIODE 


SILICD 


SD4 


DIODES 


IN 


SD4 


M-CR2 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


SD4 


CR3 


211083 


DIODE 


SILICD 


018 


1 DANA 




211083 


A-CR3 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


S04 


L-CR3 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


SD4 



U-CR3 


210004 


DIODE 


SILICD 


SD4 


DI 


ODES IN 


SD4 


CR4 


211083 


DIODE 


SILICO 


Olfl 


1 


DANA 


211083 


A-CR4 


210004 


DIODE 


SILICU 


SD4 


1)1 


ODES IN 


SD4 


CR5 


210004 


DIODE 


SILICO 


SD4 


DI 


ODES IN 


SD4 


CR?5 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR28 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR27 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR28 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR3IS 


2110H3 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR37 


210004 


DIODE 


SILICD 


SD4 




DIODES IN 


S04 



CR3H 


210004 


DIODE 


SILICO 


S04 




DIODES IN 


S04 


CR39 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR42 


211083 


DIODE 


SILICO 


018 


1 


DANA 


2110R3 


COl 


101174 


CAP 


CERAM 


.001 MFD 500 V 


10*1 


AEROVOX 


SC03X6F 


F-COl 


121092 


CAP 


MYLAR 


,0022 MFD 100 V 


10* 


CUE 


WMF1D22 



001 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3585 


B-OOl 


200037 


TRANS 


SILICO 


NPN 


2N3846 


FAIRCHILD 


2N3646 


002 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


B-002 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


003 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 



004 


200035 


TRANS 


SILICO 


NPN 


014 






DANA 


200035 


005 


200043 


TRANS 


SILICD 


NPN 


2N3565 






FAIRCHILD 


2N3565 


006 


200043 


TRANS 


SILICO 


NPN 


2N3565 






FAIRCHILD 


2N3565 


ROl 


000222 


RES 


CARBON 


2.2 


K 5* 


1/4 


Ml 


OHMITE 


RC07GF222J 


R02 


000153 


RES 


CARBON 


15 


K 5* 


1/4 


W1 


OHMITE 


RCQ7GF153J 



R03 


000222 


RES 


CARBON 


2.2 


K 


5* 


1/4 


Ml 


OHMITE 


RC07GF222J 


R04 


000153 


RES 


CARBON 


15 


K 


5* 


1/4 


W1 


OHMITE 


RC07GF153J 


R05 


000822 


RES 


CARBON 


8.2 


K 


5* 


1/4 


W1 


OHMITE 


RC07GFR220 



1 Of 2 




PARTS LIST 



ASSEMBLY 402038 
RFF* PART 



OESIG. 


NO, 








DESCRIPTION 








CRl 


211083 


DIODE 


SIL 


ICO 


018 1 


DANA 




211083 


A-CRl 


210004 


DIODE 


SIL 


ICO 


SD4 


DiriDRS 


IN 


SU4 


CR2 


211083 


DIODE 


SIL 


ICO 


018 1 


DANA 




2I10H3 


A-CR2 


210004 


DIODE 


SIL 


ICO 


SD4 


DIODES 


IN 


SD4 


J-CR02 


210004 


DIODE 


SIL 


ICO 


SD4 


DIODES 


IN 


SD4 



K-CR2 


210004 


DIODE 


SILICU 


S04 


DIODES 


IN 


Sl)4 


M-CR2 


210004 


DIODE 


SIL ICO 


SD4 


DIODES 


IN 


SD4 


CR3 


211083 


DIODE 


SILICO 


018 


1 DANA 




211083 


A-CR3 


210004 


DIODE 


SIL ICO 


SD4 


DIODES 


IN 


S04 


L-CR3 


210004 


DIODE 


SILICl) 


SD4 


DIODES 


IN 


SD4 



U-CR3 


210004 


DIDOE 


SILICl) 


S04 




DIODES IN 


SD4 


CP 4 


211083 


DIODE 


SILICl) 


018 


1 


DANA 


211U83 


A-CR4 


210004 


DIODE 


SILICO 


SD4 




DIODES IN 


S04 


CR5 


210004 


DinOE 


SILICO 


SD4 




niDDES IN 


S04 


CR25 


211083 


DIODE 


SILICU 


018 


1 


DANA 


211083 



CR28 


211083 


DIODE 


siLicn 


018 


1 


DANA 


211083 


CK27 


211083 


DIODE 


SIL ICU 


018 


1 


DANA 


211UB3 


CR28 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR38 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR37 


210004 


DIODE 


SILICO 


SD4 




DIODES IN 


SD4 



CR38 


210004 


DIODE 


SILICO 


SD4 








DIODES IN 


S04 


CR39 


211083 


DIODE 


SILICO 


018 






1 


DANA 


211083 


CR42 


211083 


DIODE 


SILICO 


018 






1 


DANA 


211083 


COl 


101174 


CAP 


CERAM 


•001 MFO 


500 


V 


10%1 


AEROVOX 


SCD3X5F 


F-COl 


121092 


CAP 


MYLAR 


.0022 MFD 


100 


V 


10 % 


CDE 


WMF1022 



001 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3585 


8-001 


200037 


TRANS 


SIL 


ICO 


NPN 


2N3846 


FAIRCHILD 


2N3646 


002 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


a-002 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


003 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3585 



004 


200035 


TRANS 


SILICO 


NPN 


014 






DANA 


200035 


005 


200043 


TRANS 


SILICO 


NPN 


2N3565 






FAIRCHILD 


2N3565 


006 


200043 


TRANS 


SILICO 


NPN 


2N3565 






FAIRCHILD 


2N3565 


ROl 


000222 


RES 


CARBON 


2.2 


K 5 % 


1/4 


W1 


OHMITE 


RCQ7GF222J 


R02 


000153 


RES 


CARBON 


15 


K 5* 


1/4 


Ml 


QHMITE 


RC07GF153J 



R03 


000222 


RES 


CARBON 


2.2 


K 


5* 


1/4 


Ml 


OHMITE 


RCD7GF222J 


R04 


000153 


RES 


CARBON 


15 


K 


5 % 


1/4 


W1 


OHMITE 


RC07GF153J 


R05 


OOOB22 


RES 


CARBON 


8.2 


K 


5 % 


L/4 


Ml 


OHMITE 


RC07GF822J 
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PARTS LIST 



ASSPMRLY 40?n3R 
kfh, PART 



HESIG. 


Z 

o 

• 






0 e s 


C H ] 


I P T 


I 0 


N 






flOfv 


000153 


R&S 


CARRON 


15 


K 


5SC 


1/4 


wi 


ijHMi rp 


KCim.P 153.1 


R07 


00020A 


RES 


CARBON 


200 


K 


b% 


1/4 


w 


nhPHb 


PCII7(,P204.I 



R08 


000243 


RES 


CARBON 


?4 


K 


5* 


1 /4 


Wl 




kCl 1 A.I 


B-ROR 


000123 


RES 


CARBON 


12 


K 


5x 


1/4 


Wl 


OHMITE 


kCM iUh \ '/ 


C-ROfl 


000123 


RES 


CARBON 


12 


K 


5* 


1/4 


Wl 


OHMI Th 


kC(»/(iH?3J 


D-ROB 


00051? 


RES 


CARBON 


5.1 


K 


5X 


1/4 


Wl 


OHMITE 


RClJ7GF5l?J 


F-HOH 


000512 


RES 


CARBON 


5.1 


K 


5* 


1/4 


Wl 


CIHMITE 


kC07GF5l?J 



^-R08 


000822 


RES 


CARBON 


B.2 


K 


5% 


1/4 


«)l 


non I T t 




.HROfl 


000822 


RES 


CARBON 


6.2 


K 


SX 


1/4 


Wl 


OHMITE 


RC'WGE»^?2J 


K-R08 


OOOB22 


RES 


CARBON 


8.2 


K 


5X 


1/4 


Wl 


UHMlTfc 


HCt)y<iFH?2J 


L-ROfl 


000R2? 


RES 


CARBON 


6.2 


R 


5X 


1/4 


Wl 


OHMITE 


RC07GFR22J 


M-Roa 


000822 


RES 


CARBON 


6.2 


K 


5X 


1/4 


Wl 


OHMITE 


RC()7GFR??.I 



R 1 n 


000273 


RES 


CAHHiitM 


27 


K 


5!?' 


1/4 


‘.'0 


1 tHM I Tr 


Hr.ii7Gh/'73.l 


Rll 


000243 


RES 


CARBON 


24 


K 


5A 


1/4 


Wl 


OHmITp 


- (/-7GFP43J 


R12 


000622 


RES 


CARBON 


6.2 


K 


5X 


1/4 


Wl 


OHMITE 


«Cn /GhH??J 


R13 


000B22 


RES 


CARBON 


B.2 


K 


5X 


1/4 


Wl 


OHMITE 


kCn7GFM?2J 


R14 


000153 


RES 


CAKBUN 


15 


K 


5X 


1/4 


Wl 


OHMl TF 


kCi»yt,Fl S3. 1 



R15 


000822 


RES 


CARBON 


6.2 


R 


5X 


1/4 


Wl 


OHMITE 


KCn7GFP22J 


H.IH 


030012 


RES 


CARBON 


130 


K 


5X 


1 


w 


(IHMITE 


RC3?(^f 134J 




000512 


RES 


CARBON 


5.L 


K 


5X 


1/4 


Wl 


OHMITE 


kCf)/GF5l?J 


K 


000104 


RES 


CARBON 


100 


K 


5X 


1/4 


Wl 


OHMITE 


HC0VGF104J 


k21 


000512 


RES 


CARBON 


5*1 


K 


5X 


1/4 


N1 


OHMITE 


Rr.n70F51 2.) 


k2? 


000512 


RES 


CARBON 


5,1 


K 


5X 


1/4 


MI 


OHMITE 


RCn7GF51 ?J 


k?3 


030012 


RES 


4URBCm 


--130 


K 


5« 


1 


N 


OHNITE 


RC32GF134J 
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PARTS LJST 



KeF. PART 



UESIG- 


NO, 






0 6 S C R I P T 1 


[ 0 N 






CHl 


2110M3 


DIOOE 


siLicn 


018 


1 


DANA 


211083 


CR2 


2110R3 


DIODE 


SIL ICO 


018 


1 


DANA 


211083 


CR3 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


C«4 


211083 


DiaCHr 


SIL ICO 


Olfl 


1 


DANA 


211083 


CH5 


211083 


DIODE 


SlLICU 


018 


1 


DANA 


211083 



CR8 


211083 


DIODE 


SIL icn 


018 


1 


DANA 


2110H3 


C« 7 


211083 


OIODE 


s 


iLicn 


018 


1 


DANA 


211083 


CRH 


211083 


DIODE 


s 


IL ICO 


018 


1 


DANA 


211083 


CR9 


220004 


DIODE 


s 


iLicn 


ZENER lN9falH 


1 


MUTORULA 


1N961H 


CH 10 


211083 


01 ODE 


s 


iLicn 


018 


1 


DANA 


211083 



CR 1 1 


211083 


UIUDE 


SlLICd 


018 


1 DANA 


211083 


CRl? 


210004 


DKJDE 


SIL ICO 


S04 


n I ODES IN 


SD4 


CR13 


210004 


DIODE 


SILICIi 


S04 


DIODES IN 


SD4 


CR14 


210004 


DIODE 


SlLICU 


S04 


UinOES IN 


Sl>4 


CR15 


211083 


OIODE 


SILICO 


018 


1 DANA 


211083 



Cl 


130043 


CAP 


GLASS 


7.5 


PFO 


500 


V 


10* 


CORN 


CYFN10C7R7 


C2 


130029 


CAP 


GLASS 


1-5 


PFD 


500 


V 


10* 


LRC 


682116 


C3 


110017 


CAP 


TANTA 


1 


MFD 


35 


V 


10*1 


KE.>^FT 


K 1C35K 


C4 


110038 


CAP 


ELECT 


50 


MFl) 


15 


V 


20* 


OIJCAT I 


50-15 


C*> 


1 10001 


CAP 


TANTA 


8,8 


MFD 


35 


V 


10*1 


KEMET 


KhRMC35K 





101641 


CAP 


CERAM 


470 


PFI) 


500 


V 


10*1 


AEROVOX 


SC01X5F 


C7 


130039 


CAP 


GLASS 


27 


PFD 


500 


V 


10* 


CORN 


CYFM10C27UJ 


C8 


130029 


CAP 


GLASS 


1-5 


PFD 


500 


V 


10* 


LRC 


6821 16 


C9 


100006 


CAP 


CERAM 


10 


PFD 


500 


V 


10*1 


AEKOVOX 


TCl)-N750 


CIO 


130034 


CAP 


CERAM 


7-45 


PFD 


500 


V 


10* 


CRL 


822BN-N650 



cn 


130040 


CAP 


GLASS 


240 


PFD 


300 


V 


10* 


CORN 


CYI-MHK24U 


C13 


1 30041 


CAP 


GLASS 


3000 


PFD 


500 


V 


10* 


CORN 


CYFu.20030?. 


C14 


100006 


CAP 


CERAM 


10 


PFO 


500 


V 


10*1 


AEROViJX 


TCD-N750 


C15 


101641 


CAP 


CERAM 


470 


PFD 


500 


V 


10*1 


AEROvnx 


SCfnXbF 


C16 


110001 


CAP 


TANTA 


6,8 


MFD 


35 


V 


10*1 


kfmft 


K6RHC35K 



Cl? 


100005 


CAP 


CERAM 


22 


PFD 


500 


V 


10* 


AEROVUX 


TC0-N750 


C18 


1 10001 


CAP 


TANTA 


6,8 


MFD 


35 


V 


10*1 


KEMET 


K6R8C35K 


C19 


110002 


CAP 


r««TA 


22 


HfO 


35 


V 


10*1 


KEMET 


K22C35K 


C20 


1 10001 


CAP 


TANTA 


6,8 


MFD 


35 


V 


10*1 


KEMET 


K6KHC35K 


C21 


120069 


CAP 


MYLAR 


,39 


MFD 


100 


V 


10* 


IMB 


XA1134K 



C22 


130034 


CAP 


CERAM 


7-45 PFO 


500 V 


10* 


CRL 


822BN-N650 


C23 


130027 


CAP 


GLASS 


10 PFD 


500 V 


10* 


CURN 


CYFM-lOClOO 


K1 


310013 


RELAY 


REED 


SPST 


24V 


1 


WHEELUCK 


2961A X6 
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PARTS LIST 



ASSEMBLY 40210? 



RhF . 


PART 














()FSIG« 


NO, 






0 E S C K 


I P T I 0 N 






K? 


3L0013 


RELAY 


REED 


SPST 


24V 1 


WHtHLUCK 


29^»1A Xh 


K3 


310022 


RELAY 


OC 


4 POT 


29V 


AI.LIFI) 


TS154-nC-CC 



01 


200035 


TRANS 


SILICO 


NPN 


ni4 


DANA 




02 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 




0 3 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


20003b 


O'* 


200043 


TRANS 


SILICO 


NPN 


2N35ft5 


FAIKCHILU 


2NH56S 


Ob 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAlRCHUO 


?N35f»5 



OA 


200043 


TRANS 


SILICO 


NPN 


2N35^»5 


FAIRCHILD 


2N3bfc5 


D7 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N35F5 


OR 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N35^5 


09 


2000U 


TRANS 


SILICO 


PNP 


009 


DANA 


2000 1 1 


010 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


2U003S 



Rl 


000473 


RES 


CARBON 


47 


K 


5* 


1/4 


W1 


OHMITE 


KC07GF473J 


R? 


0102R0 


RES 


ww 


329 


K 


.25* 


1/8 


M 


PMh 




w H 


000473 


RES 


CARBON 


47 


K 




1/4 


on 


umhite 


RCn7GF473J 


K4 


00D4A4 


RES 


CARBON 


680 


K 


St 


1/4 


M 


OHMITE 


RCn7GF6H4J 


R5 


OOOlOl 


RES 


CARBON 


100 


DHH 


sx 


1/4 


HI 


OHMITE 


RC07GF101J 



R#' 


000913 


RES 


CARBON 


91 


K 


5* 


1/4 


H 


OHMITE 


RC(I7GF91 3J 


R V 


000470 


RES 


CARBON 


47 


UHN 


5* 


1/4 


HI 


OMMITF 


RC07GF47UJ 


KH 


0006S2 


RES 


CARBON 


6.8 


K 


5* 


1/4 


HI 


OHMITC 


RCa7GF6H2J 




00027? 


RES 


CARBON 


2.7 


K 


St 


1/4 


W 


DHMl TF 


RCD7GF272J 


k 1 0 


000201 


RES 


CARBON 


200 


OHM 


s% 


1/4 


HI 


DHMl TE 


RCD7GF201J 



Rll 


010280 


RES 


WH 


329 


K 


• 25:C 


1/8 


W 


PME 


PME329KT2 


Kl? 


000913 


RES 


CARBON 


91 


K 


5* 


1/4 


w 


OHMITE 


RC07GF913J 


K 1 3 


010280 


RES 


WW 


329 


K 


• 25»; 


1/0 


H 


PME 


PME329KT2 


K 1 4 


010280 


RES 


WH 


329 


K 


♦ 25* 


1/8 


W 


PME 


PMF329KT2 


R15 


000152 


RES 


CARBON 


1.5 


K 


St 


1/4 


HI 


OHMITE 


RCD7GF152J 



R16 


000201 


RES 


CARBON 


200 


OHM 


5X 


1/4 


HI 


dhhite 


KCQ7GF201J 


R17 


000392 


RES 


CARBON 


0003.9 


K 


sx 


1/4 


HI 


OHMITE 


RC07GF392J 


RIR 


040053 


RES 


VARl 


5 


K 


lOX 


1.5 


W 


CIS 


no 


R 19 


040062 


RES 


VARI 


500 


OHM 


lox 


1.5 


W 


CTS 


110 


R20 


040052 


RES 


VARI 


50 


OHM 


lOX 


1.5 


W 


CTS 


no 



R?l 


000153 


RES 


CARBON 


15 


K 


5* 


1/4 


HI 


OHMITE 


RC07GF153J 


k2? 


000330 


RES 


CARBON 


33 


K 


5X 


1/4 


H 


OHMITE 


RC07GF330J 


K23 


000791 


RES 


CARBON 


750 


OHM 


St 


1/4 


HI 


OHMITE 


RC07GF751J 


P24 


000330 


RES 


CARBON 


33 


K 


5X 


1/4 


H 


OHMITE 


RCQ7GF330J 


R25 


000432 


RES 


CARBON 


4.3 


R 


5X 


1/4 


Ml 


OHMITE 


RC07GF432J 


R26 


000103 


RES 


CARBON 


10 


K 


5X 


1/4 


HI 


OHMITE 


HCflTGFlOTJ 
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PARTS LIST 



ASSewrtLY 402102 
REF. PART 



l‘FSIG. 


NO. 






0 E S 


C R ] 


[ P T 


I 0 


N 






R27 


000910 


RES 


CARBON 


91 


□HM 


5!C 


1/4 


W1 


OHMITB 


RC07GF910J 


R2R 


000390 


RES 


CARBON 


39 


OHM 


5% 


1/4 


Wl 


DHMITE 


RC07GF390J 


R?9 


020165 


RES 


WW 


270 


K 


1 % 


1/8 


w 


KELVIN 


EP-20 


R30 


020165 


RES 


WW 


270 


K 


IX 


1/8 


M 


KELVIN 


EP-20 



R31 


020164 


RES 


WW 


135 


K 


.IX 


1/8 


W 


KELVIN 


EP-20 


R32 


020164 


RES 


WW 


135 


K 


.IX 


1/0 


w 


KELVIN 


EP-20 


R33 


000202 


RES 


CARBON 


2 


K 


5X 


1/4 


Wl 


OHMITE 


RC07GF202J 


R34 


001705 


RES 


CARBON 


820 


□HM 


5 % 


1/2 


w 


OHMITE 


RC20GF821J 


R35 


000152 


RES 


CARBON 


1.5 


K 


5 % 


1/4 


Wl 


OHMITE 


RC07GF152J 
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PARTS LIST 



ASSPMRLY 40203ft 
RPF. PART 



nhSKw 


N(U 






D E S C R I P T 


I 0 N 






rui 


22001? 


OIDDt 


SILICO 


ZENEK 1M98HH 


1 


MOTOROLA 


IN958H 


CRIO 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CHll 


21 10R3 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRl? 


2110B3 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CHl 3 


21 10R3 


DIODE 


SILICO 


OlH 


1 


DANA 


2I10R3 



C« 14 


21 1083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


C.R15 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CK16 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR17 


211063 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRIB 


211083 


DIUDE 


SILICO 


018 


1 


DANA 


211083 



CR19 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


CR2 


220012 


DIODE 


SILICO 


ZENER 


1N958H 


1 


MOTOROLA 


1N9588 


CR3 


21000ft 


DinOE 


SILICO 




S368 




G.E« 


S368 


CR4 


2ir500ft 


DIODE 


SILICO 




S3ft8 




G.E» 


S3ft8 


CH5 


221177 


DIODE 


SILICO 


ZENER 




1/4 W1 


MOTOROLA 


M.2.4A2S 



CRft 


220007 


DIiJDh 


SILICO ZENER 1N751 


1 


MOTOROLA 


IN751 


CK7 


210007 


DKiUfc 


SILICO 


Iftft 




G, E* 


0H0166 


C‘>(H 


21U007 


DIODE 


SILICO 


166 




G.E. 


DH0166 


CR9 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


COl 


110039 


CAP 


ELECT 


5 MFD 50 V 


20* 


OUCATI 


5-50 



CO? 


£10039 


CAP 


ELECT 


5 


MFD 


50 


V 


20* 


DUCATI 


5-50 


C03 


120039 


CAP 


POLYS 


24 


PFD 


500 


V 


5* 


CRL 


CPR-24J 


C04 


120039 


CAP 


POLYS 


24 


PFD 


500 


V 


5* 


CRL 


CPR-24J 


COS 


101145 


CAP 


CERAM 


100 


PFD 


500 


V 


10*1 


AEROVUX 


SCD1X5F 


C06 


100012 


CAP 


CERAM 


33 


PFO 


500 


V 


10* 


AEROVOX 


TC0-N750 



C07 


10U75 


CAP 


CERAM 


220 


PFO 


500 


V 


10*1 


AEROVOX 


SCD1X5F 


C08 


101099 


CAP 


CERAM 


680 


PFO 


500 


V 


10*1 


AEROVOX 


SC02X5F 


Cll 


loooin 


CAP 


CERAM 


68 


PFD 


500 


Y 


10* 


AERVOX 


TCD-N750 


C12 


100010 


CAP 


CERAM 


68 


PFO 


500 


V 


10* 


AERVUX 


TC0-N750 


C13 


110044 


CAP 


ELECT 


50 


MFD 


50 


V 


20* 


DUCATI 


50-50 



C14 


120005 


CAP 


MYLAR 


.001 


MFD 


100 


V 


10*1 




WMFIDI 


C15 


120005 


CAP 


MYLAR 


.001 


MFO 


100 


V 


10*1 




WMFIIU 


C16 


lOOOlO 


CAP 


CERAM 


68 


PFD 


500 


V 


10* 


AERVOX 


TCD-N750 


C17 


100010 


CAP 


CERAM 




PFD 


500 


V 


10* 


AERVOX 


TCD-N750 


C18 


121393 


CAP 


MYLAR 


• 22 


MFO 


100 


V 


10* 


CDE 


MMF1P2 



KOI 


311274 


RELAY 


DC 




2 POT 26V 




BABCOCK 


BR12H-1 .6KC 


001 


201084 


TRANS 


GERMAN 


PNP 


2N1304 


1 


TI 


2N1304 


002 


200036 


TRANS 


SILICO 


NPN 


015 




DANA 


200036 
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PARTS LIST 



ASSFMBLY 40203A 



RFF* 

I'FSIG* 


PART 

NO. 






description 






003 

004 


200040 

200040 


TRANS 

TRANS 


siLlcn 

SILICU 


NPN OlA 

NPN 01^ 


DANA 

DANA 


200040 

200040 



005 


200043 


TRANS 


SUICO 


NPN 


2N3545 


FAIMCHILD 


OOf. 


200011 


fRANS 


SiLlCtI 


PNP 


009 


DANA 20n<ni 


007 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 200035 


008 


200011 


TRANS 


SlUCO 


PNP 


009 


DANA 2000 11 


009 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 200035 



t»l 0 


200043 


TRANS 


SILICU 


NPN 


2N3565 


FAIRCHILO 


2N35A5 


Oil 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FA IkCHILU 


2N35A5 


012 


200037 


TRANS 


SILICO 


NPN 


2N3446 


FAIRCHILD 


2N364fe 


Q13 


200037 


TRANS 


SILICO 


NPN 


?N3^4fe 


FAlKCHlLI) 


2N3644 


014 


200049 


TRANS 






2Ni41 i 


Gfc 2N3417 



015 


200035 


TRANS 


SILICO 


NPN 




014 






DANA 


200035 


014 


200049 


TRANS 








2N3417 






GF 2N3417 


■ i 1 7 


200043 


TRANS 


SILICU 


NPN 




2N3565 






FAIRCHILD 


2N3565 


1-D 1 1 


020166 


RES 


MW 


10 


K 


• 05< 


l/R 


W 


JORDAN 


LR-11 


R02 


020379 




















«-i'3 


040050 


KfcS 


VAR] 


5 


K 


lOX 


1/2 


W 


BOURNS 


306 7-P-l-KO 


R04 


000203 


RES 


CARBON 


20 


K 


5* 


1/4 


Ml 


OHMITE 


RC07GF203J 


R05 


000101 


RES 


CARBON 


100 


OHM 5t 


1/4 


Ml 


QHMITE 


RCQ7GF101J 


R06 


010079 


RES 


NETAL 


7,5 


K 


IX 


1/4 


Ml 


electra 


RN6007501F 


R07 


040004 


RES 


VARl 


100 


K 


10%^ 


1/5 


H 


BOURNS 


3068-P-1-10 



HOH 


020166 


RES 


MM 


10 K 


• 05X 


1/8 


W 


JORDAN 


LH-ll 


R09 


010167 


RES 


METAL 


442 K 


IX 


1/4 


Ml 


ELECTRA 


RN6004423F 


RIO 


020166 


RES 


MW 


10 K 


*05X 


1/8 


W 


JORDAN 


LR-11 


Hll 


040050 


RES 


VARl 


5 K 


lOX 


1/2 


¥ 


BOURNS 


306Y-P-1-Kn 


R12 


001713 


RES 


FSV 




5X 


1/4 


M 


OANA 001713 


R13 


01015R 


RES 


METAL 


200 K 


IX 


1/4 


Ml 


electra 


RN60D2003F 


R14 


010282 


RES 


METAL 


140 K 


IX 


1/4 


W 


IKC 


kN6aC1403F 


R15 


001713 


RES 


FSV 




5X 


1/4 


W 


OANA 1 


JOl/13 


R16 


01015B 


RES 


METAL 


200 K 


IS 


1/4 


Ml 


ELECTRA 


RN60D2003F 


R17 


000102 


RES 


CARBON 


1 K 


5S 


1/4 


Ml 


QHMITE 


RC07GF102J 


RIH 


010167 


RES 


METAL 


442 K 


IX 


1/4 


WL 


FLFCTRA 


KNNOI^****^ -iF 


R 19 


010060 


RES 


metal 


10 K 


IX 


1/4 


W 


ELECTRA 


RN60UUIU2F 


R20 


010039 


RES 


METAL 


9«09 K 


IX 


1/4 


¥ 


FLt-r.TPA 


KNMJD9D91 F 


P2l 


r»00102 


RES 


CARBON 


1 K 


5X 


1/4 


Ml 


OHM 1 f E 


KCU IGF ID2J 


H2? 


010167 


RES 


METAL 


442 K 


IS 


1/4 


Ml 


ELECTRA 


RN60D4423F 


P23 


000203 


RES 


CARSON 


20 K 


sx 


1/4 


Ml 


OHMITE 


RC07GF203J 



2 Of 4 




PARTS LIST 



ASSfMHLY 407036 



RFF. PART 



DBSIG, 


NO. 






D E S C K 


1 P T 


1 ti 


1^1 






R74 


001712 


RES 


CARBON 


750 OHM 


5* 


1/2 


W 


OHMITE 


KC20GF75U 


R25 


000220 


RES 


CARBON 


22 OHM 


5* 


1/4 


W1 


OHMITE 


RCf)7GF22(iJ 


R26 


OOOB20 


RES 


CARBON 


02 OHM 


5* 


1/4 


w 


□HMIT6 


kCU7GF820J 


R27 


000101 


RES 


CARBON 


100 OHM 


5% 


1/4 


Ml 


OHMITE 


RCU7GF101 J 


H?P. 


000220 


RES 


CARBON 


22 OHM 


5% 


1/4 


Ml 


fJHMlTH 


KC>t7GF22rM 


R30 


000220 


RES 


CARBON 


22 OHM 


5% 


1/4 


W1 


ohmite 


KC07GF220J 


R31 


000101 


RES 


CARBON 


100 OHM 


5% 


1/4 


Ml 


UHHITP 


rtCUYGFlnlJ 


R37 


000222 


RES 


CARBON 


2 .2 K 


5% 


1/4 


W1 


UHHITE 


KC07GF222J 


■<33 


001674 


RES 


CARBON 


680 OHM 


5% 


1/2 


Ml 


OHMITE 


RC20GF681J 


R34 


000103 


RES 


CARBON 


10 K 


5% 


1/4 


Ml 


OHMITE 


KCn7GFin3v* 


R35 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


Ml 


OHhlTE 


RC07GFl53v) 


R36 


000153 


RES 


CARSON 


15 K 


5* 


1/4 


Ml 


OHMITE 


RC07GF153J 


R37 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


Ml 


OHMITE 


RC07GF153J 


R38 


000153 


RES 


CARBON 


15 K 


5* 


1/4 


Ml . 


OHMITE 


RC07GF153J 


R39 


000822 


RES 


CARBON 


8.2 K 


5* 


1/4 


Ml 


OHMITF 


RCU7GFH22J 


R40 


000303 


RES 


CARBON 


30 K 


5* 


1/4 


Ml 


OHMITE 


RC07GF303J 


R41 


000123 


RES 


CARBON 


12 K 


5% 


1/4 


Ml 


OHMITE 


RCU7GF123J 


R42 


000822 


RES 


CARBON 


6.2 K 


5* 


1/4 


Ml 


OHMITE 


RC07GF822J 


R43 


000303 


RES 


CARBON 


30 K 


5* 


1/4 


Ml 


OHMITE 


RCU7GF303J 


R44 


000123 


RES 


CARBON 


12 K 


5% 


1/4 


Ml 


OHMITE 


kC07GF123.l 


R45 


000163 


RES 


CARBON 


16 K 


5% 


1/4 


Ml 


OHMITE 


RCU7GF163.I 


R46 


000102 


RES 


CARBON 


1 K 


5% 


1/4 


Ml 


OHMITE 


RCI17GF102J 


R47 


000105 


RES 


CARBON 


1 M 


5% 


1/4 


Ml 


OHMITE 


RCG7GF105J 


R48 


000822 


RES 


CARBON 


8.2 K 


5% 


1/4 


Ml 


OHMITE 


RC07GFH22J 


R49 


040003 


RES 


VAR I 


20 K 


10% 


1/2 


M 


BOURNS 


3067-P-1-20 


R50 


000822 


RES 


CARBON 


8.2 K 


5% 


1/4 


Ml 


OHMITE 


RC07GF822J 


R52 


000563 


RES 


CARBON 


56 K 


5* 


1/4 


M 


OHMITE 


RC07GF563J 


R53 


000273 


RES 


CARBON 


27 K 


5% 


1/4 


Ml 


OHMITE 


RC07GF273J 


R54 


000273 


RES 


CARBON 


27 K 


5% 


1/4 


Ml 


OHMITE 


RC07GF273J 


R55 


000163 


RES 


CARBON 


16 K 


5% 


1/4 


ML 


OHMITE 


RC07GF163J 


R56 


000104 


RES 


CARBON 


100 K 


5* 


1/4 


Ml 


OHMITE 


RCU7GF104J 


R57 


000163 


RES 


CARBON 


16 K 


5% 


1/4 


wi 


OHMITE 


RC07GF L63J 


R58 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


Ml 


OHMITE 


RC07GF153J 


R59 


000123 


RES 


CARBON 


12 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF123J 


R60 


000202 


RES 


CARBON 


2 K 


5% 


1/4 


wi 


OHMITE 


RCU7GF202J 


R6 1 


000431 


RES 


CARBON 


430 OHM 


5% 


1/4 


Wl 


OHMITE 


RC07GF431 J 


R62 


000202 


RES 


CARBON 


2 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF202J 


R63 


000822 


RES 


CARBON 


8.2 K 


5% 


1/4 


Wl 


OHMITE 


RCQ7GF822J 



3 of 4 




PARTS LIST 



ASSEMBLY 40?551 
REF, PART 



nESIG, 


NU, 






0 E S C R I P T : 


I U N 






CRl 


2110R3 


DIODE 


SIL ICO 


018 


1 


r>ANA 


211083 


CR? 


2110H3 


DIODE 


siLicn 


018 


1 


DANA 


211083 


CR3 


211083 


DIODE 


SILICD 


018 


1 


DANA 


211083 


CRA 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR5 


211083 


DIODE 


SIL ICO 


018 


1 


DANA 


211083 



CR6 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR7 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR8 


211083 


DIDOE 


SILICO 


018 


1 


DANA 


2U083 


CR9 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRIO . 


211083 


DIODE 


SILICD 


018 


1 


DANA 


211083 



CRll 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRl? 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR13 


21000A 


DIODE 


SILICO 


SD4 




DIODES IN 


SD4 


CRIA 


210004 


DIODE 


SILICO 


SD4 




DIODES IN 


SD4 


CR15 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CRlft 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR17 


211083 


DIODE 


SILICD 


018 


1 


DANA 


211083 


CR18 


211083 


DIODE 


SILICO 


OIR 


1 


DANA 


211083 


CR19 


211236 


DIODE 


SIL ICO 


007 




DANA 


211236 


CR20 


211236 


DIODE 


SILICO 


007 




DANA 


211236 



CR21 


221254 


DIODE 


SILICO 


ZENER 


LN961A 




1 


MOTOROLA 


1N961A 


CR22 


221254 


DIODE 


SILICO 


ZENER 


1N961A 




1 


MOTOROLA 


1M961A 


Cl 


- 101641 


CAP 


CERAM 


470 


PFD 500 


V 


10X1 


AEROVOX 


SCD1X5F 


C2 


121473 


CAP 


MYLAR 


.0015 


MFD 100 


V 


10X1 


CDE 


WMF1S47 


C3 


llOOOl 


CAP 


TANTA 


6,8 


MFD 35 


V 


10X1 


KEMET 


K6R8C35 



C4 


121473 


CAP 


MYLAR 


.0015 


MFD 


100 


V 


10X1 


CDE 


WMF1S47 


C5 


1 10001 


CAP 


TANTA 


6.8 


MFD 


35 


V 


10X1 


KEMET 


K6R8C35K 


C6 


101641 


CAP 


CERAM 


470 


PFD 


500 


V 


10X1 


AEKOVUX 


SC01X5F 


C7 


120094 


CAP 


POLYS 


.0051 


MFD 


500 


V 




CRL 


CPR-5100J 


FI 


920054 


FUSE 




• 1 


AMP 








BUSS 


BMW 1/10 



E-F2FUS 


920280 






.5 AMP 




MICROFUSE 






K1 


310013 


RELAY 


REED 


SPST 


24V 


1 


WHEELOCK 


2961A 


X6 


K2 


310013 


RELAY 


REED 


SPST 


24V 


1 


WHEELOCK 


2961A 


X6 


K3 


310013 


RELAY 


REED 


SPST 


24V 


1 


WHEELOCK 


2961A 


X6 


K4 


310013 


RELAY 


REED 


SPST 


24V 


1 


WHEELOCK 


2961A 


X6 



01 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


200035 


02 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


200035 


03 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


200035 



1 of 3 




PARTS LIST 



ASSEMBLY 

RFF* 

OESIG. 

i.>4 



Oh 

□ 7 

OH 

010 



on 

01? 

on 

KH 



1 (I 
K 1 1 

Rl? 

RU 

K14 



«n 

R18 
R17 
RIH 
k 19 



P?0 

R2l 

«?? 

R?3 

R?4 



R2S 

R?6 

R?7 

H?H 

R?9 



W30 

W31 

R32 

H3A 



R3*> 



402551 



PART 

NO. 



ObSCRiPTll3N 



200035 TRANS SlilCO NPN 014 

201084 TRANS GERMAN PNP 2N1304 



DANA PfHMiHS 

Tl RNl'404 



200036 

200040 

200040 

200043 

200043 



TRANS SILICO NPN 015 

TRANS SILICQ NPN 016 

TRANS SILICO NPN 016 

TRANS SILICO NPN 2N3565 

TRANS SILICO NPN 2N3565 



DANA ?0fm36 
OANA ?<K>(>4() 
OAnA 2UOO40 
PAIKCHILU 2N3565 
PAIRCHlLU 2N3565 



200043 

200022 

200052 

000473 

010339 



TRANS 

TRANS 

TRANS 

RES 

RES 



SILICO 

SILICO 

SILICO 

CARBON 

METAL 



NPN 

PNP 

PNP 

47 

10.104 



K 

MEG 



2N3565 

012 

009 

5* 



IX 



1/4 

1 



Wi 

w 



FAIRCHILO ?n: 456S 
DANA 20f)0?? 

DANA ?OnOS? 

OHMITP kCU7(;p473J 

PYKnULM RHE75 



000103 

010338 

020403 

020399 

020400 



RES 

RES 

RES 

RES 

RES 



CARBON 


10 


K 


5* 


METAL 


1 


MEG 


IX 


WW 


201. 0 


K 


.1* 


ww 


20.153 


K 


.IX 


WW 


2.0088 


K 


.IX 



1/4 Wl 
1 W 
1/8 W 
1/8 W 
1/8 W 



OHM! TP 
PYkOFlLM 
JORDAN 
JORDAN 
JORDAN 



RCn7GF103J 

PMF75 



Jll 

Jll 

JLl 



040004 


RES 


VARI 


100 K 


020401 


RES 


WW 


10.34 K 


020386 


RES 


WW 


10 K 


040066 


RES 


VARI 


1 K 


040064 


RES 


VARI 


200 OHM 


040055 


RES 


VARI 


500 K 


010158 ^ 


RES 


HETAL 


200 K . 


000432 


RES 


CARBON 


4.3 K 


000511 


RES 


CARBON 


510 OHM 


000103 


RES 


CARBON 


10 K 


000681 


RES 


CARBON 


680 OHM 


010139 


il€S 


wetRL 


50 M 


040004 


RES 


VARI 


100 K 


010039 


RES 


METAL 


9.09^ K - 


010236 


RES 


WW 


10 MEG 


040059 


RES 


VARI 


1 M 


010236 


RES 


WW 


10 MEG 


010236 


RES 


WW 


10 MEG 


000513 


RES 


CARBON 


51 K 


010158 


RES 


METAL 


200‘ K 


000202 


RES 


CARBON 


2 K 



10% 


1/5 


W 


BOURNS 


3068-P-1-10 


.IX 


1/8 


H 


JORDAN Jll 




*1X 


1/8 


W 


JORDAN Jll 




lOX 


1/4 


W 


HOURNS 


271-P-1-166 


lOX 


1/2 


W 


BOURNS 3067P-1-20 


lOX 


1/5 


W 


B[JURNS 


306H-P-l-5(^ 


IX 


1/4 


Wl 


ELECTRA 


RN60D2003F 


5X 


1/4 


Wl 


OHMITE 


RC07GF432J 


5X 


1/4 


Wl 


OHMITE 


KC07GF511J 


5X 


1/4 


Wl 


OHMITE 


kCu7(.F103J 


5X 


1/4 


Wl 


OHMITE 


KCf)7GF^HlJ 


2X 


1/4 


Wl 


PYROFILM 


PFR6627 


10%’ 


1/5 


w 


BOURNS 


3068-P-l-lO 


IX 


1/4 


w 


ELECTRA 


RN60()9091F 


IX 


1 


Wl 


PMF 


PMF70T2 


lOX 


1/5 


w 


BOURNS 


306H-P-1-U) 


IX 


1 


Wl 


PMh 


PME70T? 


IX 


1 


Wl 


PME 


PME70T2 


5X 


1/4 


Wl 


OHMITE 


RC07GF513J 


IX 


1/4 


Wl 


ELECTRA 


RN6DD2n03F 


5X 


1/4 


Wl 


OHMITE 


RC07GF202J 



2 of 3 




PARTS LIST 



ASSEMBLY A0P551 



REF, 


PART 




















DFSIG. 


ND • 






0 E S 


C H 1 


[ P T 


I 0 


N 






R36 


000513 


RES 


CARBON 


51 


K 


5 % 


1/4 


W1 


OHMITE 


KC07GF51HJ 


R37 


000151 


RES 


CARBON 


150 


OHM 


5X 


1/4 


wi 


OHMITB 


RC070F151J 


R3P 


000151 


RES 


CARHON 


150 


OHM 




1/4 


W1 


ohmitf 


KCtJ7GI-l5lJ 


R39 


000473 


RES 


CARBON 


47 


K 




1/4 


Wl 


(‘HMlTh 


PCn7r,F4y:-i.j 


R40 


000152 


RES 


CARBON 


1.5 


K 


5 % 


1/4 


Wi 


OHMITh 


WC(17f»F152.) 


R41 


000202 


RES 


CARBON 


2 


K 


5* 


1/4 


Wl 


(IHmITE 


rco7(;f?o?j 


R42 


OOOB22 


RES 


CARBON 


B.2 


K 


5X 


1/4 


Wl 


OHMITH 


RC07GFH22J 


R43 


020119 


RES 


WW 


6H0 


OHrt 


IX 


1/2 


Wl 


CF hLFC 


M-?n 


R44 


000332 


RES 


CARBON 


3,3 


K 


5X 


1/4 


Wl 


OHhlTF 


RC07GF332J 


R4S 


000101 


RES 


CARBON 


100 


OHM 


5 % 


1/4 


WL 


OHM I T E 


RC(»7riFinij 


R44 


001713 


RES 


FSV 






5* 


1/4 


w 


DANA 


001713 


R47 


001713 


RES 


FSV 






5X 


1/4 


w 


DANA 


001713 


R4B 


001713 


RES 


FSV 






5X 


1/4 


w 


DANA 


001713 


R49 


001713 


RES 


FSV 






5X 


1/4 


w 


DANA 


001713 


R50 


001713 


RES 


FSV 






5 % 


1/4 


w 


DANA 


001713 


R3) 


001713 


RES 


FSV 






5X 


1/4 


w 


DANA 


001713 


R52 


020402 


RES 


WW 


115 


K 


• IX 


1/B 


w 


JDRDAN 


JIL 


R53 


001713 


RES 


FSV 






5X 


1/4 


w 


DANA 


001713 



3 Qf 3 




parts list 



ASSf-rtRLY > PC Board Assembly« Function Indicator 



RFF. PART 



OF SI a. 


Nil. 






1) F S C K T P T 1 1) N 






osi 


4?01 16 


LAMP 


NtON 




GE 


MPG-250-3 


ns? 


^?ni 16 


LAMP 


NhDN 


NF-?H 


G E 


MPG-250-3 


I'*S03 


4?01 1 6 


LAMP 


NEDN 


6)F“?H 


r, h 


MPGPbO-H 


l>S04 


'^?()l 1 6 


LAMP 


NFIIN 


NF-?H 


(> b 




nso5 


‘i?nu6 


LAMP 


NFUN 


Nh-?H 


Vy h 


MPti2'50~3 



0S06 

R46 


9211116 

000473 


LAMP 

RFS 


NEON 

CARRUN 


47 


NE-?H 

K 


5X 


1/4 


wl 


i; F 

OHM I TP 


Mpr,2t>0-3 

RCOyfiF473J 


R47 


000473 


RtS 


CARBON 


47 


K 


s* 


1/4 


W1 


ohmite 


KC0Y0F473J 


R4R 


000^73 


• RES 


CARBON 


47 


K 


5* 


1/4 


Wl 


ilHMlTb 


RCoyfiF473J 


R49 


000473 


RES 


CARBON 


47 


K 


fix 


1/4 


Wl 


OHMITP 


KC0V<il-473J 



RS(> 


000473 


RES 


carbon 


47 K 




1/4 


Wl 




RCn7(.;F473J 


RSI 


000473 


RES 


CARBON 


47 K 




1/4 


Wl 


DHMITF 


kC07GF473J 









PARTS 


LIST 












ASSEMBLY 


402b?O 


















KEF. 


PART 


















OESIG. 


NO. 




D 


E S C R 


I P T 


I 11 N 








Cl 


110041 


CAP 


ELECT 


250 MFO 


6 V 


20* 


DUCATl 


250-6 


CRl 


210004 


DIODE 


siLicn 


SD4 






DIODES 


IM 


SD4 


CK? 


210004 


DIOUE 


SILICU 


SU4 






DIODES 


IN 


SU4 


CR3 


210004 


OIOOE 


siLicn 


SD4 






DIODES 


IN 


SU4 


R1 


001107 


RES 


CARBON 


39 K 


5* 


1 w 


OHMITE 


RC32GF393J 



R? 


00169B 


RES 


CARBON 


20 


K 


5* 


1 


111 


OHMITE 


RC32GF203J 


R3 


000224 


RES 


CARBON 


220 


K 


5* 


1/4 


Wl 


OHMITE 


RC07GE224J 


R4 


001107 


RES 


CARBON 


39 


K 


5* 


1 


w 


OHMITE 


RC32GF393J 


R5 


00169B 


RES 


CARBON 


20 


K 


5% 


1 


w 


ohmite 


RC32GF203J 


R6 


030005 


RES 


CARBON 


100 


K 


5% 


2 


w 


OHMITE 


RC42GF104J 



»7 


030005 


RES 


CARBON 


100 


K 


5* 


2 


W 


OHMITE 


KC426F104J 


RH 


030005 


RES 


carbon 


100 


K 


5* 


2 


w 


OHMITE 


RC42GF104J 


R9 


030012 


RES 


CARBON 


130 


K 


b% 


1 


w 


OHMITE 


RC32GF134J 


RIO 


030012 


RES 


CARBON 


130 


K 


b% 


1 


w 


OHMITE 


KC32GF134J 


Pll 


03001? 


RES 


CARBON 


130 


K 


b% 


1 


w 


OHMITE 


RC32GF134J 



K 1 ? 


000914 


RES 


CARBON 


910 


K 


5* 


1/4 


W 


ohmite 


RC07GE914J 


Kl3 


000914 


RES 


CARBON 


910 


K 


5* 


1/4 


W 


OHMITE 


RC07GF914J 


R14 


000914 


RES 


CARBON 


910 


K 


5» 


1/4 


w 


OHMITE 


RCU7GE914J 


R15 


000914 


RES 


CARBON 


910 


K 


5* 


1/4 


w 


OHMITE 


RC07GE914J 


R16 


000914 


RES 


CARBON 


910 


K 


5* 


1/4 


w 


UHMITE 


KC07GE914J 



P17 


000914 


RES 


CARBON 


910 K 


5* 


1/4 W 


OHMITE 


RC07GE914J 


KIP 


000914 


RES 


CARBON 


910 K 


5* 


1/4 W 


OHMITE 


RC07GF914J 




KAK‘1 b LIST 



ASSbMHLY 400flVl 



KbP , 


PART 






• I-Sir,, 


i'lM • 






CK I 


2110H3 


niuub 


siLicn 


C«2 


?nnB3 


Dir)Dt 


siLicn 


CK3 


?nnP3 


DIMOb 


SiLlCi) 


CRA 


?iinR3 


DMDE 


SILICIJ 


LHS 


21 I0ft3 


DlfJDb 


SILIClJ 



ChP 


?110m3 


niuoE 


SfLICO 


CRY 


2110H3 


OIDDP 


SILICO 


r.wR 


21 lOrt^ 


DllJOb 


SILICO 


CRH 


21 inH3 


DIUDb 


SILICO 


CRin . 


211083 


DIODE 


SILICU 



CKl 1 


21 10H3 


ninuE 


SILICii 


Cwi? 


2110M3 


DIUDE 


SILICU 


C.a 1 3 


2110^3 


ninuE 


SILICO 


r.M lA 


2110H3 


ninnE 


SILICO 


CH15 


2UOft3 


DIODE 


SILICO 



CKlh 


2110R3 


DIODE 


SILICO 


C K 1 7 


?1 1083 


Dinop 


SILICO 


C -t 1. “ 


2110H3 


01 ODE 


SILIfJi 


CRiy 


211083 


OiniDE 


SILICO 


CR20 


211083 


DIODE 


SILICO 



Ck2I 


211083 


DIODE 


SILICO 


CR22 


?! 1083 


DIODE 


SILICU 


CR23 


211083 


DIODE 


SILICO 


CR24 


211083 


DIODE 


SILICU 


CW25 


211083 


DIODE 


SILICO 



CR38 


211083 


DIODE 


SILICO 


CR37 


21 1083 


DIODE 


SILICU 


CR3H 


211083 


UIODfc 


SILICO 


CK3'7 


211083 


DIODE 


SILICO 


CK40 


211083 


DIODE 


SILICU 



C841 


211083 


DIODE 


SILICO 


CR42 


2110H3 


DIODE 


SILICO 


CR43 


2110H3 


DIODE 


SILICU 


CR44 


211083 


DIODE 


SILICO 


CR4S 


211083 


DIODE 


SILICO 



C848 


211083 


DIODE 


SILICU 


C«47 


211083 


DIODE 


SILICO 


CR4R 


211083 


DIODE 


SILICO 



C I H T I 0 N 



niH 


1 


UANA 


2UOH3 


018 


1 


DAWA 


211UH3 


018 


1 


DANA 


21 1083 


018 


1 


DANA 


211083 


018 


1 


DANA 


2110B3 


018 


1 


UANA 


2110M3 


018 


1 


DANA 


211083 


018 


1 


f)ANA 


211083 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 



OlH 


1 


DANA 


21U»H3 


OlH 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


UANA 


211083 



018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


UANA 


211083 


018 


1 


OANA 


211083 



018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


OlH 


1 


DANA 


2U0H3 



018 


1 


DANA 


211083 


OlH 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


1>ANA 


211083 


018 


1 


DANA 


211083 



018 


1 


DANA 


211083 


018 


1 


DANA 


2110H3 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 


018 


1 


OANA 


211083 



018 


1 


DANA 


2110H3 


018 


1 


DANA 


211083 


018 


1 


DANA 


211083 
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HARTS L!ST 



ASSSHBLV 400R91 
RtrH, . HART 

OFSIG. NO* DESCRIPTION 



COl 


100012 


CAP 


CERAM 


33 


PFO 500 V 


10* 


AERflVOX 


TCD-N750 


oni 


^ 200037 


TRANS 


SILICO 


NPN 




2N3646 






eaikcmild 


2N3ftA6 


(.'02 


200037 


TRANS 


SILICO 


NHM 










EAIRCHILO 




one. 


200035 


TRANS 


SILICO 


NHN 




01 A 






hANA 


20003^ 


HOI 


000122 


RES 


CAfUON 


U2 


K 




1/A 


W1 


flHMlTE 


HC0y(iEl22.1 


R02 


000153 


RES 


CARBON 


15 


K 


5* 


I /A 


wl 


OHMITE 


k(,fj7i.H ‘>3,j 


R03 


000122 


RES 


CARB(}N 


!•? 


K 


5* 


l/A 


W1 


IIHMI TE 


kCn7r,El22.) 



ROA 


000153 


RES 


CARBON 


15 


K 


5* 


1/A 


*>11 


MHHITE 


Hf.tiTCFl S3.J 


kOR 


000243 


RES 


CARRUN 


24 


K 


5* 


1/A 


Wl 


OHMITE 


kCOYC^FPASJ 


R(W 


000273 


RES 


CARBON 


27 


K 


5* 


1/A 


W1 


OHMITE 


kCM7GF?73J 


Rll 


000204 


RFS 


CARBON 


200 


R 


5« 


1/A 


H 


OHMITE 


RC07r,F2(>4J 


R12 


000103 


RES 


CARBON 


LO 


K 


5% 


l/A 


RI 


(IHnI TE 


kC(l7(>Fl03J 


^ ^ 


000103 


RES 


CAR60N 


10 


K 


5% 


1/A 


Ml 


OHMITE 


RC07GF103J 


R14 


00169R 


RES 


CARBON 


20 


K 


5« 


1 


R 


OHMITE 


kC32(;F203J 


R15 


001107 


RES 


CARBON 


39 


K 


5* 


1 


W 


(iHWITF 


kC320F393.l 


H 1 ^ 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


UHHITE 


kC(J7f*Fl03.I 


k17 


000103 


RES 


CARBON 


10 


K 


5t 


l/A 


Ml 


ohmitf 


kCO?r,F103.l 


RIM 


000IQ3 


RES 


CARBON 


10 


K 


5X 


1/4 


Ml 


OHMITE 


PCn7GFl(i3.l 




001107 


RES 


CARBON 


39 


K 


5X 


1 


W 


OHMITE 


ftC3?r,F393J 


f</Ai 


00149R 


RES 


CARAON 


20 


K 




1 


W 


OHMITE 


ftC3?r^F203J 


R21 


000103 


RES 


CARBON 


10 


K 


5X 


1/4 


Wl 


UMMITE 


KCil7GEli»3.> 


R22 


000103 ■ 


* RES 
> ■ 


CARBON 


in 


K 


5X 


1/4 


Wl 


OHMITE 


RCn7GF103J 


R23 


'oiWioa 


Ies 


CARBON 


10 


K 


5* 


1/4 


W) 


OWMITF 


RC07GFin3J 


R2^ 


060103 


RES 


CARBON 


10 


K 


5X 


1/4 


Wl 


OHMITF 


RC07GF103J 




000103 


RES 


CARBON 


10 


K 


5X 


1/4 


Wl 


OHMITE 


RCl)/GFl()3J 


R2ft 


000103 


RES 


CARBON 


10 


K 


5X 


1/4 


Wl 


OHMITE 


RC07GF103.I 


H2V 


000223 


RES 


CARBON 


22 


K 


5X 


1/4 


w 


OHMITF 


RC07GF223J 





000223 


RES 


CARBON 


22 


K 


5X 


1/4 


W 


OHMITF 


RC(i7i;F223J 


R29 


000223 


RES 


CARBON 


22 


K 


SX 


1/4 


W 


OHMITE 


RCn7GF223J 


K30 


000223 


RES 


CARBON 


22 


K 


5X 


1/4 


VI 


OHMITE 


RC07GF723J 


k3l 


0004B3 


RES 


CARBON 


6B 


K 


5X 


1/4 


Wl 


OHMITE 


RCn7GF6H3J 


R32 


000563 


RES 


CARBON 


56 


K 


5X 


1/4 


w 


OHMITF 


kCn7(iF563J 


R33 


000473 


RES 


CARBON 


47 


K 


5X 


1/4 


Wl 


OHMITF 


RCn7GF473J 


H34 


000473 


RES 


CARBON 


47 


K 


SX 


1/4 


Wl 


OHMITE 


KC»i7GF473J 


H 35 


000473 


RES 


CARBON 


4T K 


SX 


1/4 


Wl 


OHMITE 


RC07GF473J 


R3A 


000473 


RES 


CARBON 


47 


K 


SX 


1/4 


Wl 


OHMITE 


RC07GF473J 


R37 


000473 


RES 


CARBON 


47 


K 


SX 


1/4 


Wl 


OHMITE 


RC07GFA73J 


R3H 


000204 


RES 


CARBON 


200 


K 


5X 


1/4 


w 


OHMITF 


RCH7GF204J 
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PARTS LIST 



ASSPmHLY 400S-j/> 
RH-. PART 



ilFSIG. 


NO. 






1) P 


SCRIPT 


I U N 






CKl 


2110R3 


01 OOF 


SILICli 




OlH 


1 


DANA 


2110R3 


CR2 


2110H3 


OlODP 


SILICU 




OIR 


1 


DANA 


2110H3 


001 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILO 2N3646 


U02 


200055 


TRANS 


SILICO 


NPN 


FSV 




OANA 


200055 


003 


200067 


TRANS 






PNP 


019 


DANA 


200067 



ROl 


0004V3 


RES 


CARBON 


47 


K 


5^ 


1/4 


Wl 


(JHMl TE 


RC070F4 nj 


RO? 


000153 


RES 


CARBON 


15 


K 




1/4 




UHMITF 


HC070F 153.1 


R03 


000753 


RES 


CARBON 


75 


K 


5* 


1/4 


W 


IJHhITE 


kCU70Fyb3J 


R04 


000204 


RES 


CARBON 


200 


K 


5X 


1/4 


W 


□HMITE 


RC07GF204J 


R05 


010033 


RES 


METAL 


49.9 


K 


1* 


1/4 


w 


ELECTRA 


RN60D4992F 



«6 


OO0104 


RES 


CARBON 


100 


K 


5»^ 


1/4 


wi 


DHMITE 


RCU7(iEl04J 


R07 


000104 


RES 


CARBON 


100 


K 


5* 


1/4 


WI 


OHMITE 


RC07GF104J 


ROR 


000204 


RES 


CARBON 


200 


K 


5* 


1/4 




OHMiTb 


RC07GF204J 


R09 


010290 


RES 


METAL 


IHO 


K 


U 


1/4 


H 


ELECTRA 


KN6001R03F 


RIO 


02007B 


RES 


WW 


50 


K 


.1* 


1/8 


W 


JORDAN 


J-ll 



Rll 


010291 


RES 


METAL 


100 


K 


.25X 


1/2 


W 


PYROFILM 


PME65T100K 


R12 


010291 


RES 


METAL 


100 


K 


.25* 


1/2 


w 


PYROFILm 


PME65T100K 


R13 


010292 


RES 


METAL 


200 


K 


.25* 


1/2 


M 


PYKUFILM 


PMF651200K 


R14 


020121 


RES 


WM 


160 


K 


. 1* 


1/B 


W 


JUKOAN 


J-ll 


R15 


021103 


RES 


WW 


50 


K 


.05* 


1/4 


w 


KELVIN 


EP-21 



R16 


020242 


RES 


ww 


100 


K 


.05* 


1/4 


W 


JURDAN 


J12 


R17 


020242 


RES 


ww 


100 


K 


.05* 


1/4 


W 


JORDAN 


J12 


RIB 


020243 


RES 


ww 


200 


K 


.05* 


1/4 


W 


JORDAN 


J12 



R19 000203 RES CARBON 20 K 5% 1/4 W1 OHMlTt 



RC07GF203J 




ASSEMBLY 


400842 - 


PC Board Assembly 


- Null Detector 








HFF . 


PART 














DFSir, . 


ND. 






D F S C K I P T 1 


II M 






CKl 


211083 


DKJOfc 


SILICO 


OlH 


1 


DANA 


21I(1H3 




21 10B3 


DirjDF 


SlLTCn 


018 


1 


OANA 


2 1 lO>-,3 


CK3 


211083 


uinoF 


siLicn 


018 


1 


OAIMA 


2110H8 


C«4 


211083 


DIODF 


siLicn 


OlH 


1 


DANA 


211083 


CR‘5 


2 11083 


DiUDfc 


SILICU 


018 


1 


DAimA 


21 1083 



CHh 


211083 


DinoF 


SILICO 


018 


1 


DANA 


21 1 118 -i 


CM 7 


2 1 1083 


DIODF 


SILICO 


018 


1 


DANA 


21 1 UH3 


Ck8 


211083 


DIfJDF 


SILICO 


OIR 


1 


DANA 


21 1IIH3 


CR9 


2 1 1083 


DIQDF 


SILICO 


OlH 


1 


DANA 


21 1 UH3 


Ck 10 


220004 


DIODF 


SILICO ZFNER 1N9M8 


1 


MIlTDROLA 


1N9A1 8 



Ckl 1 


211083 


DIODF SILICO 




018 






] 


I>AimA 


2UOH3 


COl 


110047 


'CAP FLFCT 


50 


Mpri 


50 


V 


20* 


DUCAT I 




C02 


110047 


CAP FLFCT 


50 


MFD 


5(> 


V 


20* 


DUCATI 


50-50 


CO 3 


110043 


CAP ELECT 


25 


MFD 


25 


V 


' 20* 


DUCAT I 


25-25 


C04 


101175 


CAP CFRAh 


220 


PFD 


500 


V 


10X1 


AfcRDVUX 


SCD1X5F 



Cfi5 


110043 


CAP 


FLFCT 


25 


MFD 


25 


V 


?nx 


DUCAT 1 


25-25 


CliA 


101A42 


CAP 


CERAM 


150 


PFO 


500 


V 


10X1 


AFROVnX 


SCD2X5F 


COT 


110043 


CAP 


FLFCT 


25 


MFD 


25 


V 


20.x 


DUCAT I 


25-25 


COK 


110017 


CAP 


TANTA 


1 


MFD 


35 


V 


lOxl 


KFMFT 


K\C35K 


C09 


111097 


CAP 


ELECT 


50 


MFD 


50 


V 


20X1 


SPRAUOF 


1 FI 30 7 



CIO 


111097 


CAP 


ELECT 


50 


MFD 50 V 


20X1 


SPHAOD 


E TF1307 


CH 


121092 


CAP 


MYLAR 


.0022 


MFD ion V 


lOX 


CDF 


WMFlH2> 


ooi 


200037 


TRANS 


SILICO 


NPM 


2N3F46 




8 fl I K r. H 


ILI» 


(■.102 


200054 


TTKANS 


SILICO 


NPN 


FSV 




DANA 


2{H»054 


D03 


200067 


TRANS 






PNP 


019 


DANA 


200067 



004 


200037 


TRANS 


SILICO NPN 


2N3646 


FAIRCHILD 2N3646 


005 


200054 


TTRANS 


SILICn NPN 


FSV 


DANA 


200054 


006 


200035 


TRANS 


SILICO NPN 


014 


DANA 


200035 


DOT 


200011 


TRANS 


SILICU PNP 


009 


DANA 


200011 


008 


200036 


TRANS 


SILICO NPN 


015 


DANA 


200036 



009 


200040 


TRANS 


SIL 


ICO 


NPN 


016 


DANA 


200040 


010 


200037 


TRANS 


SIL 


ICO 


NPN 


2N3646 


FAIKCHILU 


2N3646 


on 


200037 


TRANS 


SIL 


ICO 


NPN 


2N3646 


FAIRCHILD 


2N3646 


012 


200037 


TRANS 


SIL 


ICO 


NPN 


2N3646 


FAIRCHILD 


2N3646 


013 


200037 


TRANS 


SIL 


ICO 


NPN 


2N3646 


FAIRCHILD 


2N3646 



014 


200022 


TRANS 


SI 


LICO 


PNP 


012 


DANA 


2000?? 


015 


200037 


TRANS 


SI 


LICO 


NPN 


2N3646 


FAIRCHILD 


2N3646 


016 


200037 


TRANS 


SI 


LICO 


NPN 


2N3646 


FAIRCHILD 


2N3646 
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PARTS LIST 



ASSEMBLY AOOA92 * PC Board MMttbly - Null Dataotor 



Khl- • 


PART 






















IIFSIG. 


NO« 






D E S 


C R 


I P T 


1 n 


N 








017 


2000A3 


TRANS 


SILICO NPN 


2N3565 






HAIftCHlI IJ 




ROl 


OOOA73 


RbS 


CARBON 


AY 


K 


5JK 


1 /A 


Ml 


UHMl 1 F 




Kf.t » ^GF'* / 


RO? 


OO0123 


RI;S 


CARBON 


12 


K 


5T 


1/A 


Ml 


MHMl Th 




kCn?GFi ?i.\ 


H03 


OOnS63 


RES 


CARBON 


56 


K 


5* 


1/A 


W 


UHWl TF 




H<:il7f»F56.‘»J 


ROA 


OOOA73 


RES 


CARBON 


A7 


K 


b% 


l/A 


W1 


OHMTF 




HCl 1 ^f-.FA ( <.l 


RO*) 


000203 


■ RES 


CARBON 


20 


K 


5* 


l/A 


W1 


OHMi IF 




ftUi 


R06 


OOQR23 


RES 


CARBON 


82 


K 


5* 


1/A 


W1 


OHMITb 




hCM7(»Fh23<I 


R07 


OAdOOA 


RES 


VARI 


100 


K 


lOU 


1/5 


w 


BOURNS 




3f)6M-P-l-Pi 


ROH 


O2024A 


RES 


WW 


MATCH 


SET 








DANA 




n202AA 


R(I9 


020123 


RES 


ww 


in 


K 


.01* 


1/H 


w 


JUKhAM 


jn 




«10 


02033A 


RES 


ww. 4R97.4 


OHM 


.05* 


1/M 


M 


JIlkOAN 


JLl 




Mil 


02024A 


RES 


WW 


MATCH 


SET 








DANA 






H 1 ^ 


000102 


RES 


CARBON 


1 


K 


5* 


l/A 


W1 


UHMl IF 




kCii/«iFl(i2J 


•< 1 3 


000102 


RES 


CARBON 


1 


K 


5* 


l/A 


Ml 


OHMI TE 




kCOYGF lO^'J 


1 A 


000102 


RES 


CARBON 


1 


K 


5X 


l/A 


Hi 


OHMITE 




KCnV(iFl02J 


Rib 


000102 


RES 


CARBON 


1 


K 


5* 


l/A 


HI 


OHMITE 




kCOYGF K»2J 


Rlf> 


000516 . 


. RES 

-‘li 


CARBON 

' 


51 


M 


5» 

•u 


l/A 


W 


OHM 1 T F 




kCn^UFblAJ 


R17 


0202AA 


R5S 


NW 


MATCH 


SET 








DANA 




02n?AA 


Rift 


000201 . 


RES 


CARBON 


. 200 


OHM 


5* 


l/A 


W1 


OHMI TF 




kCtW(,F?01.| 


ft 19 


00020K. 


•- > RES ■ 






om 


b%. 


l/A 


Ml 


OHM 1 T E 




kC(l7GF2(il J 


R?n 


0202A4 > 


RES 


WN 


NATCH 


SET 








DANA 




0202AA 


R2l 


000622 


> RES 


CARBiN 


4*2 


K 


5* 


l/A 


Ml 


OHMITE 




RC076F622J 


R2? 


omi? 


. • R6S ^ 




r. -,v442 


K ■ 


U 


l/A 


Ml 


ELECTRA 




kN6UDAA23F 


R23 


020244 


RES 


m 


MATCH 


SET 








DANA 




0202AA 


R2A 


040009 


RES 


Mmi 


10 


K 


lOX 


1/2 


N 


BOURNS 




3067-P-l-lO 




010245 






A ^ 


MEd 


IX 

e a. ' 




lA 1 


Auai T TC 


RN20X 

n/'n*if'C:i ‘l-a ■ 


R2A 








12 


K 


5R 


1/4 


Ml 


Unn 1 1 tr 




f i c w 








t 


















R27 


.010167 


RES 


.NETAL 


. , 4A2 


K 


IX 


l/A 


Ml 


ELECTRA 




KN600AA23F 


R2« 






:A|A|yM 


SET 








DANA 




020244 


R?9 


02^244 


RES 


'■•W 




SET 








DANA 




0202AA 


R30 


000225 


RES 


^ iCAIISON 




M 


5X 


1/4 


H 


OHMITE 




BC07GF225J 


R31 


000104 


RES 


CJftBON 




K 


5X 


1/4 


Ml 


OHMITE 




RCU7GF 1»)AJ 


P3? 


000114 " 


RES 


CARBON 


no 


K 


5* 


l/A 


M 


UHMITF 




kCU7GFll AJ 


R33 

R3A 

R3S 


001711 
d«d244V 
nod 104 f 


RES 


FSV 

t_a i'_ 






5X 

^y.‘. 


1/4 


M 


DANA 

nANA 


001711 

rv9n3A.ik. 






S*-- ■■ 


st/4 


Ml 


OHMITE 




RC07GF10AJ 


R36 


Opf225 - 




•CMBpN 


.12.2 


m'\ 


: ^ St 


1/4 


M 


OHMITE 




RC07GF225J 


R37 


000331 ' 






^0^ 






. . vS ■ 

1/4 m 


T; H OHMITE 




RC07GF331J 
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PARTS LIST 

ASStMBLY ii0089? - PC Board Aaiembly - Null Detector 



RFF ► 
nesin . 


PART 

NCI* 






n b 5 C R I 


P T 


1 n N 






R3fl 

R39 

H40 

H41 


001711 

020244 

000102 

000302 


RES 

RES 

RES 

RES 


FSV 

MM 

CARBON 

CARBON 


MATCH SET 
1 K 
3 K 


5* 

5* 

5* 


1/4 W 

1/4 Ml 
1/4 Ml 


DANA 001711 

DANA 020244 

IIHMITI- WCOVOFlf-2,1 

MHMITt KCH70HS0>J 


R42 

R43 

R44 

R43 

ft4ft 


000273 

000512 

001711 

020244 

000391 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

FSV 

MM 

CARBON 


27 K 
5,1 K 

MATCH SET 
390 OHM 


5* 

5* 

5* 

5* 


1/4 Ml 
1/4 Ml 
1/4 M 

1/4 M 


ClHMlTh 

OHMITE 

DANA 

DANA 

rjHMlTF 


kCI)70F27R-.! 
RCD70F51 >.J 
001711 

020244 

RCUVribibl^l 


R47 

R4R 

R49 

R50 

R^l 


0001B3 

001711 

020244 

001692 

001711 


RES 

RES 

RES 

RES 

RES 


CARBON 

FSV 

MM 

CARBON 

FSV 


18 K 

MATCH SET 
4.7 K 


5* 

5* 

bt 


1/4 Ml 
1/4 M 

1/2 M 
1/4 M 


IJHMITH 

DANA 

DAimA 
UHMl TF 
DANA 


HCinoFlh-S.l 

001 Ml 

opn2^»4 

HC20GF472J 

IKllTll 


Rt.2 

H&3 

R54 

R55 

R5R 


020244 

001283 

001692 

001711 

020244 


RES 

RES 

RES 

RES 

RES 


MW 

CARBCIN 

CARBON 

FSV 

MM 


match SET 
5.1 K 
4.7 K 

MATCH SET 


5* 

5X 


1/2 Ml 
1/2 W 
1/4 W 


DANA 

OHMlTE 

UHMITE 

DANA 

DANA 


020244 

KC20fiF5l2.i 

HC20(iF472sl 

oniTii 

020244 


PbT 

R!SR 

K*j9 

R60 

K61 


000303 

000124 

000392 

000101 

000101 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARRIJN 

CARBON 

CARBUN 


30 K 
120 K 
0003.9 K 

100 OHM 
ICO OHM 


5* 

5* 

5* 


1/4 Ml 
1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Ml 


DHMITE 

IJHMiTt 

mhmite 

DHWlTF 

DhmITE 


kC(l7RF303J 
RCD70hl2*J 
KCn7(VKR92J 
RCn/OFlOl J 
kCD /{'-.h 1 1 1 .1 


Rft2 

R63 

Rft4 

R65 

H-R65 


00020L 

001711 

000473 

000133 

000682 


RES 

RES 

RES 

RES 

RES 


CARBON 

FSV 

CARBON 

CARBON 

Carbon 


200 OHM 

47 K 
13 K 
6.8 K 


5* 

5* 

5* 

5* 

5* 


1/4 Wl 
1/4 W 
1/4 Wl 
1/4 Ml 
1/4 Wl 


OHM! Tb 
DANA 

IIHMITE 

OHMITE 

DHMITE 


RCU7GF2(fl J 
001711 

RCn7GF473J 
RCinOFl 3RJ 
RCll7GF6k2 J 
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PARTS LIST 



ASSFM6LY 400R94 
REF. PART 



!>FSIR. 


NIJ, 






n E S C R I 


P T I 0 N 






CKl 


2110R3 


DIODE 


SILICO 


018 


1 


DANA 


2110H3 


CR2 


21lf>fl3 


DIODE 


SILICO 


018 


1 


DANA 


2110H3 


CRB • 


2110fl3 


DIODE 


SlUCO 


018 


1 


DANA 


2110H3 


CR4 


2U0fl3 


DIODE 


SILICO 


018 


1 


DANA 


2110R3 


CR5 


211Q03 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR8 


2110R3 


DIODE 


SILICO 


OlH 


1 


DANA 


211083 


CRT 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRR 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR9 


211003 


DIODE 


SILICO 


OIR 


1 


DANA 


211083 


CRIO . 


21)083 


DIODE 


SILICO 


OlH 


t 


DANA 


211083 



C^ll 


211083 


DIODE 


SILICO 


ni^ 


1 


DANA 


211083 


CK12 


211083 


DIODI- 


SIL ICO 


018 


1 


DANA 


211083 


CH2b 


211083 


nlUDE 


SILICO 


DIR 


1 


DANA 


211083 


CK3 ( 


211083 


oinoE 


SILICO 


018 


1 


DANA 


211083 


CR38 


2110B3 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR39 


211083 


DIODE 


SILICO 


OlH 


1 


DANA 


211083 


CR40 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRAl 


211083 


DIODE 


SILICO 


016 


1 


DANA 


211083 


CR42 


211083 


DIODE 


SILICO 


010 


1 


DANA 


211083 


CR43 


211083 


DIODE 


SILICO 


016 


1 


DANA 


211083 





2110H3 


DIODE 


SILICO 




018 






1 


DANA 


211083 


CDl 


100012 


CAP 


CERAM 


33 


PFO 


500 


V 


lOX 


AERDVOX 


TCD-N750 


V-COl 


' 100010 


CAP 


CERAK 


68 


PFU 


500 


V 


lOX 


AERVDX 


TCD-NV50 


C03 


101182 


CAP 


CERAM 


47 


PFD 


500 


V 


10X1 


AEKOVOX 


TCO-N750 


C04 


120011 


CAP 


POLYS 


.068 


MFD 


100 


V 


lOX 


CDE 


W-^>F1568 



COS 


120011 


CAP 


POLYS 


.068 


MFD 100 V 


10* 


CDb 


WMF1568 


C06 


120011 


CAP 


PDLYS 


.068 


MFD 100 V 


10* 


CDE 


RMF1568 


001 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3646 


002 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3646 


007 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3646 



008 


200037 


TRANS 


SILICO 


NPN 


2N3646 






FAIRCHILD 


2N3646 


009 


200037 


TRANS 


SILICO 


NPN 


2N3646 






FAIRCHILD 


2N3646 


010 


200037 


TRANS 


SILICO 


NPN 


2N3646 






FAIRCHILD 


2N3646 


HDl 


000222 


RES 


CARHON 


2.2 K 


5X 


1/4 


W1 


OHMITE 


RCU7GF222J 


R02 


000153 


RES 


CARRON 


15 K 


5% 


1/4 


Ml 


OHMITE 


RCn7GFl53J 



ROB 


000222 


RES 


CARHON 


2.2 


K 


5X 


1/4 


Ml 


OHMITE 


RCU7GF222J 


R04 


000153 


RES 


CARRON 


15 


K 


5% 


1/4 


Ml 


OHMITE 


KCCl7GFlb3J 


R08 


000123 


RES 


CARRON 


12 


K 


5% 


1/4 


Ml 


OHMITE 


RC07GF123J 
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PARTS LIST 



afsSEMHLY 400R94 
REF, PART 



OFSIG, 


NO* 






1) E S 


C R 1 


[ P T 


I 0 


N 






A-kl)H 


000243 


RES 


CARBON 


24 


K 


5% 


1/4 


wi 


(JHMITE 


KCUTGI-XA -4. 


H-HOH 


000243 


RES 


CARBON 


24 


K 




1 /4 


W1 


OHMl TF 


kC^)7^F?4■^. 



RIO 


000273 


RES 


CARBON 


27 


K 


b% 


1/4 


Wl 


OHMITE 


HCn/GK2Y3J 


R14 


000153 


RFS 


CARBON 


15 


K 


SX 


1/4 


Wl 


UHMITE 


RCIJ7GF153J 




000273 


RES 


CARBON 


27 


K 


bt 


1/4 


Wl 


OHMiTh 


KCnyUF273J 


R14 


000ft2? 


RES 


CARBON 


8.2 


K 


5% 


1/4 


Wl 


UHMITE 


kCuyUl-H22J 


HI 7 


000153 


RES 


CARBON 


15 


K 


b% 


1/4 


Wl 


UHMITE 


RCtl7r;F153J 



R IH 


000104 


RES 


CARBON 


100 


K 


5% 


1/4 


Wl 


UHMITE 


WCfiVGFl 04J 


H 19 


000822 


RES 


CARBON 


e.2 


K 


bX 


1/4 


WL 


OHMITE 


RCU7GEH22J 


H20 


000153 


RES 


CARBON 


15 


K 


5* 


1/4 


WL 


UHMITE 


HCU7GE153J 


H2l 


000153 


RES 


CARBON 


15 


K 




1/4 


WL 


UHMITE 


KCU7UF153J 


H22 


000153 


RES 


CARBON 


15 


K 


5* 


1/4 


Wl 


UHMITE 


KCU7UE153.) 



«73 


000273 


RES 


CARBON 


27 


K 


s% 


1/4 


Wl 


OHMITE 


KCll7r,F273J 




000333 


RES 


CARBON 


33 


K 


b% 


1/4 


W 


OHMITE 


RCU7GF333J 


><2*> 


000822 


RES 


CARBON 


8.2 


K 


5* 


1/4 


Wl 


OHMITE 


HCU7GFH22J 




PAKTS LIST 



ASSEMBLY 


40?BDl 














RtrF. 


PART 
















NO, 






D h S C K 1 P T ; 


[ iJ N 






C«1 


211083 


DIODE 


SILICU 


OlH 


1 


DANA 


211083 


CR2 


2II083 


DIODE 


SSLICn 


OIK 


1 


DANA 


2110R3 


CR3 


2U083 


DIODE 


siLicn 


0] B 


1 


DANA 


2UOH3 


CR13 


2110H3 


nlDDF 


siLic.n 


niH 


1 


DANA 


2110R3 


CW)4 


211083 


DIODE 


siLicn 


018 


1 


DANA 


211083 



CR24 


2110B3 


DIODE 


SlLICtl 




018 


1 


DANA 


211083 


CR25 


2110B3 


DIDOE 


SIL !CfJ 




01 ft. 


1 


DANA 


211083 


r.K37 


211083 


DIODE 


SILICU 




018 


1 


DANA 


211083 


CR3H 


211083 


DIODE 


SILICQ 




018 


1 


DANA 


211083 


CR39 • 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


C.R40 


211083 


DIODE 


SILICU 




018 


1 


DANA 


211083 


CR41 


211083 


DIODE 


SILICD 




OIB 


1 


DANA 


211083 


C«4? 


211083 


DIODE 


SILICO 




018 


1 


DANA 


2110H3 


0R43 


?noH3 


niuoE 


SILICU 




01ft 


1 


DANA 


211083 




211083 


DIODE 


SILICU 




OIM 


1 


DANA 


2U0R3 


CR45 


211083 


DIODE 


SILICD 




018 


1 


DANA 


211083 


CR4A 


211083 


DIODE 


SILICD 




018 


L 


DANA 


21L083 


CK47 


211083 


OlOOE 


SILICU 




018 


1 


DANA 


211083 


r,W4M 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


04Q 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


CR50 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


C 1 


'100012 


CAP 


CERAM 




33 PFD 500 V 


10* 


AEROVOX 


TC0-N750 


K-Cl 


101145 


CAP 


CERAM 


100 PFD 500 V 


10*1 


AEKOVOX 


SC01X5F 


C3 


1 2 1 09 3 


CAP 


MYLAR 


*047 MFD 100 V 


10*1 


CUE 


WMF1S47 


C4 


121473 


CAP 


MYLAR 


*0015 MFD 100 V 


10X1 


CDE 


WMF 154/ 


Cfi 


121473 


CAP 


MYLAk 


•0015 MFD 100 V 


10*1 


CDE 


WMF1S47 


06 


121090 


CAP 


MYLAR 


.015 MFD lOJ) V 


10*1 


CUP 


H«F1S15 


C7 


110017 


CAP 


TANTA 




1 MFD 35 V 


10*1 


KEMET 


K1C35K 


08 


110017 


CAP 


TANTA 




1 MFD 35 V 


10»1 


KEMET 


K1C35K 


09 


110017 


CAP 


TANTA 




1 MFD 35 V 


10*1 


KEMET 


K1C35K 


CIO 


110043 


CAP 


ELECT 




2b MFD 25 V 


20* 


DUCAT 1 


2b-25 


01 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3646 


D? 


200037 


TRANS 


SILICO 


NPN 


2N3846 




FAIRCHILD 


2N3846 


07 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3846 


OH : 


200037 


TRANS 


siLicn 


NPN 


2N3646 




FAIRCHILD 


2N3646 


009 


200037 


TRANS 


SILICU 


NPN 


2N3646 




FAIRCHILD 


2N3646 


010 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3646 


on 


2000U 


TRANS 


SILICO 


PNP 


009 




DANA 


200011 
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PARTS LIST 



ASSEMBLY <»{)?501 
HEF. PART 

DFSIG. NO, description 



012 200037 TRANS 

013 200037 TRANS 



014 200037 TRANS 

UlS 200037 TRANS 

01f> 200037 TRANS 

017 200037 TRANS 

018 200037 TRANS 



r 1 000222 Res 

R? 000153 RES 
R3 000222 RES 
H4 000153 RES 
PH 000173 RES 



000204 RES 
KIO 000773 RES 
Rift 000122 RES 
P.17 000153 RES 
R18 000822 RES 



Rli) 000872 RES 
H?t) 000122 RES 
R?1 000153 RES 
r22 000201 RES 
R?4 000153 RES 



R75 000104 RES 

k24 000822 RES 

R?7 000622 RES 

R?8 000153 RES 

000242 RES 



R30 000153 RES 
R31 000104 RES 
R32 000122 RES 
R33 000221 RES 
P34 000203 RES 



R35 000203 RES 
K36 000122 RES 
R37 000104 RES 
R38 000752 RES 
R39 000104 RES 



P40 000222 RES 



S!L ICO NPN 2N3646 

SILlCn NPN 2N3646 



SIL ICn NPN 2N3646 
SILICn NPN 2N3646 
SlLlCn NPN 2N3646 
SILICQ NPN 2N3646 
SILICO NPN 2N3646 



CARBON 


2.2 


K 


5X 


1/4 


CARBON 


15 


K 


S% 


1/4 


CARBON 


2.2 


K 


5* 


1/4 


CARBON 


15 


K 


5X 


1/4 


CARBON 


12 


K 


5X 


1/4 



CARBON 


200 


K 


5* 


1/4 


CARBON 


27 


K 


5* 


1/4 


CARBON 


1.2 


K 


5X 


1/4 


CARBON 


15 


K 


5X 


1/4 


CARBON 


6.2 


K 


5* 


1/4 



CARBON 


8.2 K 


5* 


1/4 


CARBON 


L.2 K 


5S5 


1/4 


CARBON 


15 K 


5X 


1/4 


CARBON 


200 OHM 


5* 


1/4 


CARBON 


15 K 


5X 


1/4 



CARBON 


100 


K 


5% 


1/4 


CARBON 


B.2 


K 


5% 


1/4 


CARBON 


6.2 


K 


5* 


1/4 


CARBON 


15 


K 


5* 


1/4 


CARBON 


2.4 


K 


5% 


1/4 



CARBON 


15 


K 


5% 


1/4 


carbon 


100 


K 


5% 


1/4 


CARBON 


1.2 


K 


5* 


1/4 


CARBON 


220 


OHM 


5% 


1/4 


CARBON 


20 


K 


b% 


1/4 



CARBON 


20 K 


5* 


1/4 


CARBON 


1.2 K 


SS 


1/4 


CARBON 


100 K 


5% 


1/4 


CARBON 


7.5 K 


5% 


1/4 


CARBON 


100 K 


5% 


1/4 


CARBON 


2.2 X 


5% 


1/4 



hAIHCHlLO ?N3ft4ft 
FAIKCHILO ?N364ft 





EAIHCHILI) 


7 M 3 ft 4 ft 




FMRCHlLO 


?Mift4ft 




FAIkCHiL'* 


703ft4ft 




FAlkCHlLIl 


?ivl364ft 




FAlkCHILU 


2N3ft4ft 


Wl 


OHMITE 


HCn7GH??2j 


Wl 


OHMITE 


RC07GH1‘53J 


Wl 


HHMI TF 


RCU7GF277J 


WL 


UHMITF 


MC07GF153J 


Wl 


OHMITF 


kC07GF 173J 


w 


OHM I TF 


HC 


Wl 


OHM I T E 


KC07GF273J 


wl 


OHMlie 


RC07GF122J 


VII 


OHMITE 


kai7GFl53J 


Wl 


OHWl TE 


RCU7GF822J 


Wl 


OHMITE 


RC07GF822J 


Wl 


OHMITE 


RC07GF122J 


Wl 


OHMITE 


RCU7GH 153.1 


Wl 


OHMITE 


RCU7GF201J 


Wl 


OHMITE 


RC07GF153J 


Wl 


OHMITE 


RC07GF104J 


Wl 


OHMITE 


RCn7GF822J 


Wl 


OHM I re 


RC07GF622J 


Wl 


OHMITE 


kC.07GFl53J 


Wl 


OHMITE 


RC07GF242J 


Wl 


UHMITE 


RC07GF153J 


Wl 


OHMITE 


RC07GF104J 


Wl 


OHMITE 


HC07GF122J 


Wl 


OHMITE 


RC07GF221J 


Wl 


OHMITE 


RC07GF203J 


Wl 


OHMITE 


RC07GF203J 


Wl 


UHMITE 


RC07GF122J 


Wl 


OHMITE 


RC07GP104J 


Wl 


OHMITE 


RC07GF752J 


Wl 


OHMITE 


RC07GF104J 


^ Wl 


OHMITE 


RC07GF222J 
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PARTS LIST 



ASShMHI.Y AO;?‘irtl 
RhF. PART 



uesir,. 


IMIU 






1) e S 


C K 


I P T 


1 (.1 


N 






R^l 


000133 


RtS 


CAHHIIN 


13 


K 


•>* 


1/4 


kl 


MHHl Ih 


HCir/(,M33.1 


R4? 


040003 


HPS 


VARI 


20 


K 


10^ 


1/2 


W 


BiiornS 


30h7-P-l-2 






HFS 


CARrtUN 


2,2 


K 




1/4 


wl 


MHMl Th 


KCI)7fiK222J 




000104 


RFS 


CAftHUN 


100 


K 


!>X 


1/4 


VI 1 


UHMiTb 


WCii7(iF104,t 





(1002^3 


KhS 


CAKP.DW 


24 


K 




1 /4 


Wl 






R4h 


OOOH22 


RbS 


CARBON 


H.2 


K 


5% 


1/4 


Wl 


OHwH> 


KCIIYGI-H22J 


R47 


000103 


RES 


CARBON 


10 


K 


S% 


1/4 


Wl 


OHMlTb 


RCU7GF1 03J 


H4fl 


000103 


RES 


CARBON 


10 


K 


S% 


1/4 


Wl 


OHMITE 


RC07GF103J 


R49 


000103 


RES 


CARBON 


10 


K 


b* 


1/4 


Wl- 


HHPITH 


RCU7GF103J 



WftO 


000103 


RFS 


CARBON 


10 K 




1/4 


Wl 


OHMITF 


RC07GF 103,1 


RM 


000273 


RES 


CARBON 


27 K 


bX 


1/4 


va 


OBhlTb 


RCII7GF2/3J 
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PAKTS t, I ST 



ASSHmhLY 400H9S 





PAHT 














nhSifi, 


IMI ) « 






n F s c k I p T 1 


[ 0 N 






C«1 


X?0n07 


Dlunh 


SI Lieu 


ZHNtK 


1 


wUYflKDLA l*‘i7!5l 


CR2 




ninof: 


S I L I C [) 


00 7 




DAMA 




f.K4 


>>1 10H3 




siLlcn 


OlH 


1 


DAIMA 


^noH3 


CHS 




1)1 noF 


SILICli 


018 


1 


llA)v>A 


?) 1 MH3 




V U n « 3 


oinoH 


suicn 


OIM 


1 


tjAi-iA 


PUOH'-i 



CRT 


? 1 iriH3 


DIDDP 


S!L icn 




OIK 


1 


1 )A IM A 


2UOK3 


Ckk 


?110H3 


nillOP 


SILICU 




OlH 


1 


DAIMA 


2110H3 


Ck-J 


?1H)H3 




5ILICU 




01 R 


1 


DAimA 


211083 


Ckio 


?2001? 


DU.IOK 


SI LI CD 


ZFtVfck 


1N9*>8H 


1 


WdlMKHLA 




Ckl 1 


220004 


OinOF 


SILICU 


ZFNFR 


1M961R 


1 


MnlHH'lLA 


1N‘9(SI« 



Ckl? 


?nOR3 


DIOOF SILICU 


Olh 


1 


DANA 


211UH3 


Ckl 3 


2110H3 


DIODE SILICU 


OlH 


1 


DANA 


2110K3 


CHI^ 


2110H3 


DIODE SILICU 


OlH 


1 


DANA 


2110H3 


CklS 


2110H3 


DIODE siLicn 


OlH 


1 


DA(mA 


?llf)H3 


CKl^^ 


2U0H3 


DIODE SILICU 


OlH 


1 


DANA 


?110H3 



Ckl 7 


2ionnA 


DIODE 


SILICU 




S04 








DliIDES In 


SD4 


COl 


IDllAS 


CAP 


CEKAn 


100 


PHD 


SOD 


V 


1 0*1 


AEKiiVOX 


SCtiixbE 


CD? 


inii4b 


CAP 


CEHAM 


100 


PPO 


bon 


V 


10*1 


AEKOVUX 


SC01X5F 


CO 3 


10KS42 


CAP 


CERAh 


1*30 


PRO 


bOO 


V 


10*1 


ARKOWiiX 


SCD2X5F 


CD5 


noon 


CAP 


TANTA 


1 


MFD 


35 


V 


10*1 


kenrt 


K1C35K 



COE 


1 loom 


CAP 


TAMTA 


6 »M 


MRI) 


35 


V 


10*1 


KEr-lFT 


R6kMC35K 


CO? 


' 101E41 


CAP 


CFkAm 


470 


PRO 


boo 


V 


10*1 


AEkOWOX 


SCUlXbE 


COfl 


1D1441 


CAP 


CERAM 


4 70 


PRO 


boo 


V 


10*1 


ARROVIJX 


SCDlXbR 


CO 9 


11003E 


CAP 


ELECT 


?b 


mRO 


bO 


V 


?n* 


DUCAT! 


?b-bO 


CIO 


110036 


CAP 


ELECT 


25 


mrd 


50 


V 


20* 


DUCAT I 


25-50 



CU 


lin03H 


CAP 


ELECT 


50 


hRO 


15 


V 


20* 


DUCAT! 


50- lb 


C12 


11003R 


CAP 


ELECT 


50 


MRO 


15 


V 


20* 


DUCAT I 


50-lb 


C13 


iinonv 


CAP 


TANTA 


6 


MFD 


?5 


V 


20X1 


GE 


29R56664 


C14 


120001 


CAP 


MYLAR 


• 0033 


MFD 


100 


V 


10*1 


CDF 


PMR1U33 


Clb 


1 lOODV 


CAP 


TANTA 


6 


MRO 


?5 


V 


20*1 


GE 


29F56664 



C16 


121093 


CAP 


MYLAR 


.047 


MFD 


100 


V 


10*1 


CDE 


WMFIS47 


C17 


1210H8 


CAP 


MYLAR 


.01 


MFD 


100 


V 


10* 


CDE 


Wi'iRlSl 


CIR 


101145 


CAP 


CERAM 


100 


PRO 


500 


V 


10*1 


AEROVOX 


SCDIX5R 


C19 


101642 


CAP 


C6KAM 


150 


PRO 


500 


V 


10*1 


AEHUVOX 


SCU2X5F 


KOI 


310021 


relay 


DC 


? 


PDT 


24V 




1 


ALLIFD 


AZ420561 



001 


200036 


TRANS 


SIL ICO 


NPN 


015 


DANA 


200036 


002 


200043 


TRANS 


SILICQ 


NPN 


2N3565 


FAIRCHILD 


2N3565 


003 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


200035 



1 of 3 




PARTS LIST 



ASSEMBLY 44WB99 



REF. 


WMJ 














DESIG* 


NO. 






D E 


s c 


R 1 P T T (J M 




Q04 


200044 


TRANS 


SILICO 


NPN 


DUAL 


FSV 


DANA ?0or)44 


005 


200044 


TRANS 


siLicn 


NPN 


DUAL 


FSV 


(jANA ;»0<>il44 


006 


200043 


TRANS 


StLiCO 


NPN 




2N3565 


FAIRCHILD 


007 


200011 


TRANS 


SILICO 


PNP 




009 


DANA ?DO(»]l 


OOB 


200043 , 


TRANS 


SUitO NPN 




2N3565 


FAIRCHILD 


009 


200040 


TRANS 


simco 


NPN 




0L6 


DANA 2D0040 


010 


200040 


TRANS 


SlltCO NPN 




016 


DANA ;;U004() 



on 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3545 


012 


200022 


TRANS 


SILICO 


PNP 


012 


. DANA 


?nO(iP? 


013 


200043 


TRANS 


SILICO 


NPN 


2N3545 


FAIRCHILD 


2.'»3‘)4S 


014 


20001 1 


TRANS 


SUICfi 


PNP 


009 


DANA 


PdOni 1 


015 


200011 


TRANS 


SILICO 


PNP 


009 


DANA 


211001 1 



016 


200011 


TRANS 


SILICO 


PNP 


009 








DANA 


?000ll 


017 


200022 


TRANS 


SILICO 


PNP 


012 








DANA 


200022 


ROl 


000512 


RES 


CARBON 


5.1 


K 


S% 


1/4 


HI 


OHMITF 


KCn7GF51 2J 


RC3 


001733 


RES 


CARBON 


3.6 


OHM 


5* 


1/4 


W 


OHH I T F 


kCO7GF3P.60 


R06 


000126 


RES 


CARBON 


12 


M 


5* 


1/4 


H 


OHM I T t 


H(;uYGFl20J 



H07 


020123 


RES 


HH 


10 


K 


«0U 


1/ft 


H 


JORDAN JH 




K08 


040050 


RES 


VARl 


5 


K 


lOX 


1/2 


W 


BOURNS 


3067-P-l-KO 


R09 


020123 


RES 


ww 


10 


K 


• OIX 


1/ft 


M 


JllHDAN Jll 




KIO 


040003 


RES 


VARI 


20 


K 


lOX 


1/2 


H 


BUUKNS 


3047-P-1-20 


R12 


0006B1 


RES 


CARBON 


660 


OHM 


6t 


1/4 


HI 


OHMITF 


RC07GF6ftlJ 


R13 


000107 


RES 


CARBON 


100 


M 


5* 


1/4 


H 


(IhMITE 


RCri7Ol07J 


R14 


000107 


RES 


CARBON 


LOO 


M 


5X 


1/4 


W 


OHHl Ft 


RCU7GF107J 


R15 


001674 


RES 


CARBON 


6B0 


OHM 


b% 


1/2 


HI 


OHMITE 


RC20GF681J 


R16 


010145 


RES 


NETAL 


324 


K 


XX 


1/4 


HI 


ELECTRA 


RN60C3243F 


R17 


040054 


RES 


¥ARI 


50 


R 


lOX 


1/5 


H 


BOURNS 


3068-P-IS03 



RIB 


010091 


RES 


METAL 


11 K 


IX 


1/4 


HI 


ELECTRA 


RN600U02F 


R19 


010145 ^ 


RES 


^ METAL 


324 K 


IX 


1/4 


HI 


ELECTRA 


RN60C3243F 


R20 


000680 


RES 


CARBON 


68 OHM 


5X 


1 /4 


W 


OHMlTfc 


kC07GF6«0J 


R2l 


000242 


RES 


CARBON 


2.4 K 


5X 


1/4 


W1 


OHNITF 


RC07GF242J 


«?? 


000242 


RES 


CARBON 


2.4 K 


5X 


1/4 


HI 


OHMl TF 


KCUFUF242J 



R23 


000565 


RES 


CARBON 


5.6 


M 


5X 


1/4 


HI 


OHMITE 


RC07GF565J 


H24 


000335 


RES 


CARBON 


3.3 


M 


5X 


1/4 


HI 


OHMITE 


RCn7GF335J 


R25 


OOOS22 


AES 


CARBON 


B.2 


K 


5X 


1/4 


HI 


OHMITE 


KCU7GF822J 


R26 


000101 


RES 


CARBON 


100 


OHM 


sx 


1/4 


HI 


OHMITE 


RCMTGFiniJ 


R27 


010U4 


RES 


METAL 


4.02 


K 


IX 


1/4 


H 


ELECTRA 


RN60D4021F 


R2B 


010114 


RES 


METAL 


4*02 


K 


IX 


1/4 


H 


ELFCTKA 


KNN(H)4n21F 



2 of 3 




PARTS LIST 



ASSEMBLY A0O8<)5 
REP. PART 



DESIG. 


Nn. 






D E S 


C R I 


P T 


I 0 


N 






R29 


010299 


KES 


METAL 


12 


K 


lift 


1/4 


W 


PLECTRA 


RN60U1202h 


R30 


010300 


RES 


METAL 


750 


OHM 


1% 


1/4 


W 


ELECTMA 


RN60U750ME 


R3l 


oooini 


RES 


CAHRtlN 


100 


OHM 


5X 


1/4 


Ml 


OHMITE 


RCOTGPU^IJ 


R32 


OOOlftl 


RES 


CARBON 


160 


riHM 


5* 


1/4 


W 


OHMITP 


RCU7GF161J 



R33 


000101 


RES 


CARBON 


100 


fJHM 


5* 


1/4 


Ml 


OHMITE 


RC07GH01J 


R34 


000752 


RES 


CARBON 


7,5 


K 


5X 


1/4 


Ml 


OHMITE 


RC07(iF7 52J 


K35 


000201 


RES 


CARBON 


200 


OHM 


bt 


1/4 


Ml 


OHMITE 


RCn7GE20l.l 


R36 


000101 


RES 


CARBON 


100 


OHM 


5% 


1/4 


Ml 


OHMITE 


RCU7GF101J 


R37 


000151 


RES 


CARBON 


150 


OHM ■ 


Sift 


1/4 


Ml 


UHMITF 


RC07GF151J 



H3fl 


000101 


RES 


CARBON 


100 


OHM 


s* 


1/4 


Ml 


OHMITE 


RCU7GF101J 


R39 


000221 


RES 


CARBON 


220 


OHM 


Sift 


1/4 


ML 


OHMITE 


RC07GP221J 


R40 


000102 


RES 


carbon 


1 


K 


Sift 


1/4 


Ml 


OHMITE 


KCU7(;P102J 


R41 


000133 


RES 


CARBON 


13 


K 


Sift 


1/4 


Ml 


OHmITE 


RC07NE 133J 


R42 


000150 


RES 


CARBON 


15 


OHM 


5X 


1/4 


Ml 


OHMITE 


RC070F150J 



R43 


000220 


RES 


CARBON 


22 


UHM 


5* 


1/4 


Ml 


OHMITE 


HC07GF220J 


R44 


000150 


RES 


CARBON 


15 


OHM 


5* 


1/4 


Ml 


OHMITE 


RCU7GF150J 


R45 


00 1260 


RES 


CARBON 


3,9 


K 


Sift 


1/2 


W 


OHMITfc 


RC20GF392J 




oooiso 


RES 


CARBON 


15 


OHM 


Sift 


1/4 


Ml 


OHMITE 


RC07GF150J 


R47 


000122 


RES 


carbon 


1,2 


K 


5* 


1/4 


Ml 


OHMITE 


RC07GF122J 



R4R 


020359 


RES 


MM 


13.8 K 


.OllK 


1/8 


M 


JORUAN Jll 


R49 


000153 


RES 


CARBON 


15 K 


5* 


1/4 


Ml 


OHMITE KCU7GF153.I 
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PARTS LIST 



ASSEMBLY A02522 



REF, 


PART 
















OFSIG. 


NO. 




D E S C R 


1 P 


T 


I 0 N 






CRl 


210004 


DIODE SILICO 


S04 








DIODES IN 


SD4 


CR2 


210004 


DIODE SILICO 


SD4 








DIODES IN 


SD4 


CR3 


210004 


OlOOE SILICO 


SD4 








DIODES IN 


SD4 


CK4 


210004 


01006 SILICO 


SD4 








DIODES IN 


SD4 


CR5 


210004 


01006 SILICCl 


SD4 








DIODES IN 


S04 


CK6 


210004 


DIODE SILICO 


SD4 








DIODES IN 


S04 


CR7 


210004 


DIODE SILICO 


SD4 








DIODES IN 


SD4 


Ck8 


210004 


DIODE SILICO 


SD4 








DIODES IN 


S04 


CR9 


210004 


DIODE SILICO 


S04 








DIDOES IN 


S04 


CKIO 


210004 


DIODE SILICO 


SD4 








DIODES IN 


SD4 


CRll 


210004 


DIODE SILICO 


SD4 








DIODES IN 


SD4 


CR12 


210004 


DIODE SILICO 


SD4 








DIODES IN 


SD4 


CR13 


210004 


DIODE SILICO 


S04 








DIODES IN 


S04 


CR14 


210004 


DIODE SILICO 


SD4 








DIODES IN 


S04 


CR15 • 


210004 


DIODE SILICO 


SD4 








DIODES IN 


S04 


CR16 


210004 


DIODE SILICO 


SD4 








DIODES IN 


S04 


CR17 


210004 


DIODE SILICO 


SD4 








DIODES IN 


SD4 


CRIB 


220015 


DIODE SILICO 


ZENER 1N967B 






MOTOROLA IN967B 


CR19 


220015 


DIODE SILICO 


ZENER 1N967B 






MOTOROLA IN9678 


Cl 


121088 


CAP MYLAR 


•01 MFD 


100 


V 


10 % 


COE 


WMFISI 


C2 


121088 


CAP MYLAR 


•01 MFD 


100 


V 


lO* 


COE 


MMFlSl 


C3 


121088 


CAP MYLAR 


•01 MFD 


100 


V 


10 % 


CDE 


MMFISI 


C4 


121088 


CAP MYLAR 


.01 MFD 


100 


V 


10 % 


COE 


MMFlSl 


C& 


120072 


CAP MYLAR 


•01 MFD 


600 


V 


10 % 


CDE 


WMP65I 


C14 


1 10041 


CAP ELECT 


250 MFD 


6 


V 


20 % 


DUCATI 


250-6 


CIS 


110036 


CAP ELECT 


25 MFD 


50 


V 


20 % 


DUCAT! 


25-50 


C16 


110036 


CAP ELECT 


25 MFD 


50 


V 


20 % 


DUCATI 


25-50 


C17 


101174 


CAP CERAM 


•001 MFD 


500 


V 


10*1 


AERDVOX SCD3X5F 


CIR 


101174 


CAP CERAM 


•001 MFD 


500 


V 


10*1 


AEROVOX SCD3X5F 


Q1 


200035 


TRANS SILICO 


NPN 014 






DANA 


200035 


02 


2000U 


TRANS SILICO 


PNP 009 






DANA 


200011 


R1 


031450 


RES CARBON 


220 K 


5X 


2 W 


OHMITE 


RC42GF224J 


R2 


030008 


RES CARBON 


200 OHM 


5X 


3 W 


OHMITE 


4399 


R3 


000202 


RES CARBON 


2 K 


5* 


1/4 Ml 


□HMITE 


RC07GF202J 


R4 


000202 


RES CARBON 


2 K 


5 % 


1/4 Ml 


OHMITE 


RC07GF202J 


R5 


000151 


RES CARBON 


150 OHM 


5 % 


1/4 Ml 


OHMITE 


RC07GF151J 


R6 


000151 


RES CARBON 


150 OHM 


5% 


1/4 Ml 


OHMITE 


RC07GF151J 


R7 


030007 


RES CARBON 


150 OHM 


5* 


3 M 


DHMKTE 


4396 



1 Of 2 




PARTS LIST 



ASSFMBLY 402522 





PART 


















DESIG. 


NO* 




0 b S 


c k 1 


I P T 1 


1 U 


N 






RH 


030007 


KES 


CARBON 150 


OHM 


S% 


3 


W 


UHMI TE 


43*^4 




